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INTRODUCTION. 



CAUSES WHICH HAVE llETARDED THE ATTAINMENT OF 
SOUND PRINCIPLES IN PHYSIOLOGY. 

An inquiry into the nature and extent of 
those causes which impede or surrest the pro- 
gress of science, must be a subject of interest- 
ing speculation^ not only to the philosopher, 
but to every one who is engaged in the pur- 
suit, or int^ested in the advancement of useful 
knowledge. Such an inquiry, if skilfully con- 
ducted, by detecting the fallacy of assumed 
principles, and exposing the errors of popular 
systems, would diminish that undue venera- 
tion for antiquity, and that servile reverence 
of great names, which have so frequently pre- 
vented the discovery of truth ; and by thns 
liberating the mind from the restrictive bonds 
of prejudice, would leave it free and unincum- 
bered to pursue its onward course, in the paths 

h 
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of scientific research. It is jonly when the 
fetters of authority and system have been cast 
off by a powerful and superior understanding, 
that any great advances have been made in 
the spacious fields of science, in which, instead 
of exploring hew tracts, the philosophers of 
our age have generally been content with 
walking servilely in the footsteps of their pre- 
decessors, or, if they have dared to depart from 
them, it has too often been under the mis- 
guiding influence of some imaginary notion, 
rather than the sure direction of those sound 
principles which were likely to lead to any 
valuable discoveries. To this cause we must 
attribute the slow progress of physiological in- 
vestigation. On no other principle can we 
account for the extraordinary fact, that so 
many centuries elapsed before any knowledge 
had been acquired of the. circulation of the 
blood, the connexion between the powers of 
the mind, and the development of the brain, 
the exact states of the body which promote or 
retard the generation of animal heat, and the 
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true mod* in which the foetus is nourished. 
These secrets might have been made known, 
long before the period of their actual disco- 
very, by any man of ordinary capacity ; if, 
instead of being misled by prevailing opinions 
he had carefully examined the phenomena 
which nature presented to his view. Any 
thing intensely bright is seen more distinctly 
by the eye thiough a coloured medium, but 
the objects of mental contemplation are apt to 
be distorted, and rendered obscure, when 
viewed through any other medium than that 
of plain and simple facts, actually ascertained 
to exist, by careful and repeated experiments. 
He who recollects this truth will not be sur- 
prised at the slow progress of the science of 
medicine. 

The ancients, though possessing much less 
general knowledge than ourselves, and not 
liaving nearly so accurate an acquaintance 
with the human frame, were almost as suc- 
cessful in the treatment of most diseases ; since 
their superficial knowledge of the constitution 
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of the body, and their entire ignorance of 
many of its organs and operations, reduced 
them to the salutary necessity of close obser- 
vation, and a strict adherence to those means 
of cure which experience had discovered : but, 
amongst the moderns, speculation too fre- 
quently occupies the place of experiment, facts 
are disregarded in an eagerness to establish 
some favourite hypothesis ; and the instructive 
voice of sage experience is not heard amidst 
the loud exclamations of noisy partizans, con- 
tending for the truth of new theories, and ever 
varying doctrines. The ancients were gene- 
rally more practical, the modems are more 
theoretical ;* the former may, therefore, be 
sometimes safely followed, the latter sel- 

* But Ihe primitive inquirers after truth, with greater fidelity and 
a haj^ier conduct, us^d lo throw all the knowledge they determined 
to collect and treasure up for use into aphorisms or short senti- 
ments, not ranged into method, without professing or pretending 
to set down the whole of an art. — But as the case now stands, it is 
no wonder if men make no further progress in those things, which 
are delivered as if already perfect.— Nqy. Org. sec. v. Aph. 86. 
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dom : but it would be dangerous to rely im- 
plicitly on either ; the ideas of the one being 
often crude and ridiculous, those of the other 
visionary or imperfect. It has been justly 
asked, with reference to the present backward 
state of medical science : " What has medicine 
yet effected in increasing the bodily powers of 
man, in remedying his diseases, or in length- 
ening life, which can bear a moment's com- 
parison with the prodigies effected by educa- 
tion, in invigorating his intellectual capacities ; 
in forming his moral habits ; in developing 
his sensitive principles ; and in unlocking all 
the hidden sources of internal enjoyment V* 
Education has certainly done much more 
to strengthen and improve the mind than 
medicine to invigorate and relieve the body ; 
but the period is not very remote when the 
benefits which both might have sooner con- 
ferred — though the salutary influence of the 
former will probably, from the nature of things, 

* Philosophical Essays, by Dugald Stewart, Esq., F.R.S.E. 
Chap. II., Preliminary Dissertation. 
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be always greater than that of the latter — were 
lessened and retarded by the same causes. 
We read with astonishment, in the nineteenth 
century, that it was formerly considered a 
crime deserving severe punishment, either, to 
doubt the correctness of the philosophy of 
Aristotle, or to call in question the medical 
dogmas of Galen. Since that period, how- 
ever, of intellectual darkness and mental thral- 
dom, moral philosophy has widely extended 
its dominions and brought to light many im- 
portant truths, in consequence of its professors 
having, in a wise disregard of opinions and 
systems, however consecrated by age or revered 
by mankind, fearlessly pursued their re- 
searches into the arcana of nature witli a spirit 
of patient, sober, and severe investigation, de- 
termined to be influenced in their decisions, 
only by reason and fact. Medicine, on the 
contrary, has made but little progress, because 
those who have devoted themselves to the 
study of it have, unfortunately, not followed 
the same scrupulous method of inquiry, nor 
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examined with the same impartial scrutiny 
the nature of existing doctrines. They have 
either vrholly received or rejected them after 
too superficial a consideration. 

Medical science is frequently as much in- 
jured by sweeping away indiscriminately what 
is supposed to be false, as by adopting, with- 
out mature deliberation, what is conceived to 
be true. In this hasty mode of proceeding, 
many valuable suggestions are overlooked, and 
many erroneous notions are embraced. The 
fanciful reveries of Darwin, relating to the 
principles of medicine ; the ingenious doc- 
trines of Browne, respecting the excitability 
of the system ; the diversified views of Brous- 
SAis and Clutterbuck, on the subject of 
fever ; and the various hypothetical opinions 
of others, concerning the nature and treat- 
ment of nervous diseases, firom the refined 
speculations of Lobstein, to the more sim- 
ple and practical ideas of Abernethy, are 
either nearly or remotely connected with 
highly important truths, which, however, are 
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not yet sufficiently developed, or clearly un- 
derstood. 

Though, amongst the numerous writers on 
medical and physiological subjects, many have 
frequently been misled by false theories, or 
too prejudiced an attachment to favourite 
systems, and none, perhaps, have avoided 
falling into considerable errors, much useful 
information, and many excellent observations 
are conte.ined in their works : for, whilst the 
experience of one has furnished valuable facts, 
the imagination of another has occasionally 
thrown out brilliant and happy thoughts, 
which, if duly considered, may eventually 
lead to the detection of gross absurdities, and 
the establishment of sound principles. The 
science of medicine has, however, been re- 
tarded in its advancement hy the mukiplicity 
of its expotmders. It is more easy to vmte on 
this science than almost on any other, and the 
inducements to attempt it are greater. To 
compose a work even of a very humble kind 
on natural or moral philosophy, requires su- 
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peiior intellectual powers, strengthened by 
much previous study, and long exercised in 
abstract speculations, or experimental pursuits, 
whilst such a work, even when creditably ex- 
ecuted, does not bring its author either much 
reputation or profit : but the medical practi- 
tioner, with a very ordinary understanding, 
few acquirements, and but little mental appli- 
cation, may easily compile a treatise on some 
branch of his profession, availing himself of 
the labours of his predecessors, and drawing 
his matter from the existing stores of medical 
knowledge, which it is only necessary that he 
should arrange in a new form, and slightly 
modify, to secure both considerable fame and 
emolument. 

The mere circumstance of being the author 
of a publication abounding in observations, 
appearing to be the suggestions of much skill 
and great experience, will give him additional 
importance in the estimation of the public, and, 
leading many to place implicit confidence in 
him, as an able physician, will greatly . extend 
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his practice. With so powerful a motive to 
publish, it is natural that medical practitioners, 
even of moderate abilities, should be desirous 
to appear before the world as authors, whilst 
the man of more enlarged and speculative 
mind will be further induced to make his views 
public by the pleasing consciousness of their 
originality, and a flattering conviction of their 
value. These views being supported by a long 
list of cases, and rendered plausible by argu- 
ments founded upon them, will probably meet, 
at first, with a favourable reception : as the re- 
putation and influence of the writer increase, 
they will become gradually popular, and, be- 
ing eventually adopted by the profession, al- 
most exclusively regulate the general practice, 
till, the attraction of novelty ceasing, and 
some new doctrine coming into notice, they at 
length fall into neglect. Thus system suc- 
ceeds system in quick succession ; whilst, as 
one is exploded another rises into repute, the 
uncertainty of the medical science is supposed, 
I y superficial observers, to be greatly dimi- 
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nished — ^a supposition, however, which, sooner 
or later, is proved to be erroneous, by the sub- 
sequent detection of fallacies, in what was too 
hastily concluded to be true. 

In investigating the operations of nature, 
the inquiring mind is perplexed by studying 
them through the medium of these ever vary- 
ing systems, which involve the most important 
subjects of medical and physiological inquiry 
in almost impenetrable obscurity. There are 
scarcely any truths in medicine, like the axioms 
in geometry, or the first principles in philoso- 
phy, so universally allowed, and fully esta- 
blished, that the student of this science can 
rely on their correctness ; it is, therefore, ab- 
solutely requisite, amidst so many discrepant 
theories, clashing opinions, and opposite con- 
clusions, drawn from the same experiments, to 
put every thing to the test of the most elabo- 
rate and tedious examination. Another cause, 
which has retarded the progress of medical 
knowledge, is an almost exclusive attention to 
experiments. 
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However valuable the important discoveries 
which have been made by a recurrence to ex- 
periments, much error has arisen from the false 
inferences that have been frequently drawn 
from them, — inferences which, though really 
the mistakes of erroneous observation, have 
been regarded as incontrovertibly correct. 

It is very allowable to doubt the truth of 
propositions supported by argument alone, but 
it seems an act of bold temerity to call in ques- 
tion facts, or obvious deductions from them, 
said to be proved by direct experiment ; and 
hence, whilst the former are fearlessly contro- 
verted, the latter are generally received with 
too easy an assent. 

The physiologist, in his researches into the 
secrets of the animal frame, often forms very 
erroneous conclusions, in consequence of that 
narrowness of observation, which is contracted 
from a long and exclusive attention to experi- 
ments. The human body is a complex ma- 
chine, consisting of different parts, so inti- 
mately connected together, and all so essential 
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to its well-being, that no inference can be 
safely drawn from a separate examination of 
one of them, without maturely considering the 
exact relation which it bears to the rest. 

In endeavouring, therefore, to ascertain the 
real 6ffice of any organ, it should be recol- 
lected that, though it possesses individual pro- 
perties peculiar to itself, it has not an inde- 
pendent existence, but is connected by nerves 
and blood vessels with other organs, and is 
more or less affected, according to it« nature 
and susceptibility, by every cause that pro- 
duces bodily excitation or derangement. Ex- 
pertness of hand, and an accurate acquaintance 
with anatomy, though very valuable acquisi- 
tions, are yet of less use to the experimental 
physiologist than a philosophical enlargement 
of mind, united to a well-grounded knowledge 
of the different branches of physical science. 
To one possessed of these requisite qualities, a 
single experiment, by leading to the discovery 
of some general law of the system, may fur- 
nish matter for the basis of an original and 
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miportant theory, whilst it will suggest no new 
ideas to another^ of o^ore contracted mind, and 
less information, whose whole life is, perhaps, 
spent in the business of mutilation and de- 
struction, without his discovering one useful 
or practical truth. Experimental physiology, 
like microscopical investigation, has a tendency 
to exercise the hand and the eye to the neglect 
and prejudice of the understanding. A habit 
of observation is indeed acquired, in the in- 
vestigations connected with this pursuit ; but 
it is observation of a very minute description, 
confined to the examination of particulars un- 
connected by any common principle, rather 
than directed to the scientific arrangement of 
them under any general heads. 

The pure theorist, though possessed, of the 
most brilliant talent, is too bold a speculatpr 
to be implicitly trusted, and the pure experi- 
mentalist, who does not possess, superior abili- 
ties^ is scarcely more to be relied upon. The 
one misleads by his ardent spirit of generaliza- 
tion, the other by his confined atteDtipn to par- 
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ticulaxs ; the observations of the latter, founded 
on these particulars, being often as incorrect as 
the speculations of the former. It is seldom 
that minuteness of observation, and the com- 
prehensiveness of mind, which is capable of 
taking general and enlarged views, are united 
in the same individual : these opposite quali- 
ties were^ however, combined to a surprising 
degree in the celebrated Haller. Endowed 
by nature with extraordinary powers of mind, 
he had the good fortune to be placed in cir- 
cumstances £skvourable to their cultivation and 
development ; so that there was scarcely any 
department of science with which he was not 
intimately acquainted, and to the extension of 
which he did not gready contribute. He did 
much for the improvement of the present age, 
but he would have done considerably more, if, 
in addition to the light he himself reflected on 
physiology, he had enjoyed the advantage of 
that which has since been shed upon it by 
others. 

The genius of Bichat was of a different kind 
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— ^more bold and imaginative, it was less solid 
and exact, and. therefore, better calculated to 
form systems, than to give them a permanent 
stability. In Richerand we have an admir- 
able instance of a theoretical physiologist — an 
elegant fancy and a refined taste, confer a 
pleasing charm on all his productions, but 
they communicate scarcely any original or 
important information. The sober judgment 
and enlightened understanding of Magendie, 
cannot be too much admired. In all his inves- 
tigations he proceeds with great caution, and, 
instead of suffering his mind to be biassed by 
preconceived notions, he almost invariably ap- 
peals to nature as the safest guide and in- 
structor. II' there be one fault in this emi- 
nent physiologist, it consists in his too confined 
and exclusive attention to experiments, which 
sometimes prevents him from taking a suffici- 
ently enlarged view of the animal economy, 
and from classifying the various facts with 
which he becomes acquainted, so as to render 
them practically useful : but his facts are ge- 
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nerally correct and clear, resembling pure 
gems, unincumbered and unobscured by fo- 
reign matter. Had all the writers on physio- 
logy and medicine possessed the talents of this 
distinguished author, and industriously em- 
ployed th6m in the study of the same sciences, 
they would have been more clearly understood 
and m6re fully developed. In their present im- 
perfect state, they may be compared to vast 
oceans and extensive continents, with which 
we are but httle acquainted; even their boun- 
daries being undetermined, and their treasures 
almost entirely unknown : but the slow pro- 
gress of these sciences, during many centuries, 
is not to be regarded as any proof that their 
principles are incapable of being more accu- 
rately defined, and their limits more widely 
extended. If the causes which have so long 
retarded their advancement can be pointed 
out, a reasonable expectation may be enter- 
tained, of their further improvement and more 
useful application to the purposes of life — ^to 
the amelioration of its sufferings, and the in- 

d 
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crease of its enjoyments : and if I am sanguine 
in my anticipations of what may be accom- 
plished by the future labours of physiologists, 
my expectations arise from a clear perception 
of the errors which were formerly committed, 
and an intimate acquaintance with the great 
improvements which have been made in mo- 
dem times. To augment these, physiologists 
must patiently refer every hypothesis to the 
test of experiment ; but, cultivating less me- 
chanical habits of thought, they must, at the 
same time, exercise the mind, even more than 
the hand and the eye. 

Errors, similar to those which I have pre- 
viously described, as retarding the progress of 
physiology, are pointed out by the immort9.1 
Bacon, in the following admirable passage 
from his Novum Organum, in reference to the 
proper mode of studying the sciences: — 
'* Those who have treated the sciences were 
either empirics or rationalists. The empirics, 
like ants, only lay up stores, and use them ; 
the rationalists, like spiders, spin webs out of 
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themselves; but the bee takes a middle course, 
gathering her matter from the flowers of the 
field and garden, and digesting and preparing 
it by her native powers. In like manner, that 
is the true office and work of philosophy, 
which, not trusting too much to the faculties 
of the mind, does not lay up the matter af- 
forded by natural history and medianical 
experience, entire and unfashioned in the 
memory, but treasures it, after being first ela- 
borated and digested, in the understanding ; 
and, therefore, we have a good ground of hope, 
from the close and strict union of the experi- 
mental and rational faculties, which have not 
hitherto been united."* 

It is gratifying to observe, that a spirit of 
inquiry seems to be spreading amongst the 
members of the medical profession, and that 
they now generally display so much informa- 
tion, that we may be assured they will every 
day become less satisfied with existing systems, 
and, examining every hypothesis, however 
ingenious and plausible, will reject what is 

* Sect. VL, Aph. 95. 
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merely fanciful and unsupported by fact. If 
a work, like the Zoonomia of Darwin, were 
to be published in the present age, its recep- 
tion would be very different from that of this 
once celebrated production, which, at the time 
of its first appearance, being universally com- 
mended and admired, was supposed to have 
confeflred on its author an imperishable fame : 
but it has since gradually fallen into neglect, 
and is fast hastening to oblivion. The in- 
creasing light of science has exposed its great 
defects and glaring absurdities ; and the Zoo- 
nomia now scarcely serves any other purpose 
than to indicate the progress which medical 
knowledge has made since the period of its 
publication. Abounding, as it does, in fanciful 
notions, assumed premises, and false conclu- 
sions, it seems wonderful that it should ever 
have obtained any degree of reputation ; but 
the wonder ceases, when we consider the low 
state of the medical profession in the last cen- 
ury, to which, and not to any great excel- 
lence in itself, its former popularity is to be 
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attributed. The Study of Medicine, by Mason 
Good, affords the clearest evidence of the ad- 
vancement of this science in late years ; but I 
am disposed to think, that the merits of this 
treatise have been much overrated. It cannot 
be denied that it displays considerable learn- 
ing, and contains many important facts and 
useful observations ; but the value of these is 
much lessened by their being very frequently 
blended with false doctrines and physiological 
errors. The work is, indeed, enriched with a 
vast fund of knowledge, brought from almost 
every quarter ; but to render that knowledge 
really useful, it ought to be much more care- 
fully examined and scientifically arranged. 

The author would have conferred a much 
greater benefit upon society, if his plan had been 
more limited, if it had been confined to some 
particular branch of medicine, instead of embra- 
cing the whole of the sciences, the departments 
of which are too numerous in their present 
imperfect state, and too full of errors to be 
comprehended by one mind, or to admit of 
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generalization. No system of medicine can 
indeed, be formed with advantage, till its 
principles are more thoroughly understood, 
and firmly established ; in the meantime, the 
best method of leading to a more perfect ac- 
quaintance with them, is for individuals to ap- 
ply themselves to the study of those particular 
branches of the profession whiqh circumstan- 
ces afford them an opportunity, or nature gives 
them an inclination to investigate. The in- 
defatigable industry and extensive knowledge 
of Mason Good fitted him for the task of 
compilation, and his Study of Medicine is 
certainly an elegant and learned production : 
but his numerous and diversified acquirements 
were not calculated to render him practically 
useful as a physician, or eminently serviceable 
as a writer on medical subjects. The mind 
is, indeed, enriched by abundant stores of in- 
formation, but the judgment is not propor- 
tionally strengthened ; and the time spent in 
the acquisition of varied and extensive learn- 
ing, must necessarily be taken from that which 
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ought to be wholly devoted by the medical 
practitioner to the exclusive studies of his pro- 
fession. A general knowledge of many sub- 
jects, being almost necessarily received without 
due examination, is seldom exact, or correct ; 
this is particularly true of medical knowledge 
which does not admit of accurate calculation, 
and the correctness of which can be ascer- 
tained only by the long and tedious process of 
individual observation, accompanied by a 
spirit of candid and patient enquiry, unbiassed 
by prejudice, and seeking only for truth. 

In these introductory remarks, I have fully 
attended to those causes which appear to me 
to have principally retarded the advancement 
of the science of medicine, and in the follow- 
ing pages, with equal freedom, I have attempt- 
ed to refute what I conceive to be the erro- 
neous opinions of preceding writers, on a very 
important and difficult subject of physiological 
investigation. I am well aware that with 
those, who are strongly attached to popular 
systems and prevailing notions, the freedom of 



XXXll INTRODUCTION. 

my observations will, probably expose me to 
the charge of bold presumption : but the can- 
did and intelligent reader wiU, I trust, acquit 
me of such presumption, when he considers 
that the most pernicious errors can be re-, 
moved only by a fearless refutation, and that 
it is the duty of every member of the medical 
profession to expose whatever is connected 
with it, that, in his estimation, is either false in 
theory, or injurious in practice. I claim, how- 
ever, no infallibility : and, if in attempting to 
correct the mistaken opinions of my prede- 
cessors, I should myself have embraced others 
equally erroneous, I shall not only be most 
thankful to any ome, who will candidly point 
them out, but be the first to reject them oh a 
sufficient proof of their fallacy. 



THC 

PHYSIOLOGY 

OF THE 

LIVER AND SPLEEN. 



The present subject is one which has always 
been considered difficulty and the researches 
of the most distinguished anatomists and 
physiolc^sts have not hitherto removed the 
mystery in which it is enveloped. Most of 
the opinions advanced by the ancients are 
hypothetical, and those which have been 
brought forward in modem times, aided by 
a more intimate knowledge of the animal 
economy, af e either of this character, or too 
contracted, in theory or experiments, to be 
regarded as complete and satisfactory. 

I shall not trouble the reader with an enu- 
meration of the different opinions which have 
been advanced concerning the office of the 
spleen ; for, as I do not propose to attempt 
a refutation of them individually, it is not 
necessary to state them. Two of the best 

B 
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books upon the subject, with which I am ac- 
quainted, are Dr. Stukely's, published in 
1723, and one by Moreschi, Professor of Com- 
parative Anatomy in Pavia, in 1803, The doc- 
trine inculcated in both is, that the spleen is an 
organ appropriated to the digestive function, sup- 
plying blood according to its demands. When 
the capacity of the stomach is enlarged by 
the food which is received, it is supposed to 
press upon the body of the spleen, so as to 
diminish the accumulation of blood in the 
splenic artery, and thereby to augment the ac- 
tion of those vessels which are distributed upon 
the stomach. This view, with slight and im- 
material modifications, is the one proposed 
by both authors. The necessity of a vigorous 
circulation during the process of digestion can 
scarcely be called in question. This state of the 
sanguiferous system is to be regarded as indis- 
pensable, and the views which support it are 
much more consistent than the ideas at present 
entertained with respect to the efficiency of the 
nervous system. The numerous and well- 
conducted experiments of Wilson Philip 
seem to shew, that the nerves are the princi- 
pal instruments in promoting the assimilative 
changes; but these experiments are not tp be 
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considered by any means as demonstrative of 
the fact. They shew that digestion ceases when 
the eighth pair of nerves, is divided; but, as cir- 
culation and respiration are extensively influ^ 
enced by this operation, it cannot he doubted, that 
this physiologist Jias remarked the functional dis-- 
order produced, and has ascribed it, mthout due 
consideration, to the immediate loss of nervous 
energy belonging to the stomach. 

That the principles, which Ais physiologist 
has deduced from his experiments, are falla- 
cious, is not difficult to prove. In a work, 
which I lately published, it. was satisfactorily 
shewn, that the division of the eighth pair of 
nerves is injurious to the digestive powers of 
the stomach, in proportion only to the disorder 
induced in those of respiration and circulation.^ 
When these were protected by the introduction 
of a small tube into the divided trachea, which 
enabled the animal to breathe with facility, 
digestion proceeded as correctly, although a 
portion of the nerve on each side was excised, as 
when the nerves were left entire; the trachea 
alone being separated, and a tube attached, as 
in the preceding instance. 

* See an Experimental Enquiry into the Laws which regulate (he 
Phenomena of Organic and Animal Life. 
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The authors first referred to having endea* 
voured to shew that the spleen performs Hm 
vital oflSice to the stomach, find a diflSculty 
in explaining how the stomach acts when de- 
prived of this auxiliary ; in fine, the difficulty 
appears so great, that MoBESCHi gives little 
cred^ce to the possibility of such an occur- 
rence in the human frame, and observes that 
this taking place in the inferior animals cannot 
be considered as any objection to the action 
of the spleen in the human subject* 

If authorities were required to prove, that 
the hinoaD spleen has sometimes been excised, 
it would be easy to bring forward instances. 
Several cases are on record, where part of the 
organ was excisedf and the remainder was re^ 
taimed without injury to the individual; and it 

* *^ Per quanto poi concerae la nostra specie, sono iiitimamente 
persuasO) die quanto d stato scritto intomo all* amputazione ed air 
indttxiene deSa milza possft tutto rapportarsi ad una semplioe nfl- 
l^nteria ; uqd potenda essa praticarsi aenza oflfendere notabilmente 
il peritoneO) Tomento, parti cbe sebbeiie sembrano poco fomite di san- 
gue, pure sono estremamente vascolari, facili ad infiammarsi, e tirar 
in eonsenso andie gli altri organi del basso Tentre, cui sommmistrano 
I' estreiBA nptembisanat'p^ npn par lar an^e di tutU que^ altri disor^ 
diniy cbe prove^ir potrebbono nel travaglio della digestione dalla tolta 
armonia, e reciproca cospirazione della milza collo stomacbo.'^ — Del 
▼tro e primacio uso deU* nil^ neil' uomo, f^, di Mpexschi, 
p. 84. 
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is mentioned by authors of credit, that accidents 
have occasionally happened, in which the 
spleen has protruded and has been removed 
with safety, the vessels having been previously 
secured by ligatures.* It has also been stated, 
that in one or two remarkable cases, no spleen 
whatever was found ; and^ in many persons^ it 
has been observed so diminutive, as to preclude 
the idea of its exercising that function with 
which physiologists have endowed it. 

Sir EvERARD Home has made many expe- 
riments to ascertain the function of the spleen. 
In bis £rst paper on this subject to the Philo- 
sophical Society, he was inclined to believe 
that this organ was the medium of communi- 
cation between the cardiac portion of the sto- 
mach and the circulation of the blood. When 
the pyloras was secured by ligature, and an 
infusion of rhubarb was injected into the sto- 
mach, he found, if the aoimal were )dUed a 
few hours after^ that a quantity of the fluid 
h«d escaped. This fact was readily ascertained 
by measuring the proportion wl^ch had }t^m 
rejected by vomiting, aod wh^^t remained ift 
the stomach. The presence of rhubarb was 
detected, by chemical tests, in the spleen, the 

* Worki of Baillib, by Ward|iop» Vol. |I., p. f$5». 
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splenic vein, and the urine, and, in some of his 
experiments, in the liver. In another paper, 
which he subsequently read to the Philoso- 
phical Society, he gives a series of experiments, 
which refute the opinion he had foimed with 
respect to the use of the spleen . In these expe- 
riments the spleen was excised, and yet the 
urine was found strongly impregnated with 
rhubarb, the infusion of which had been em- 
ployed. Unable to discover the function of 
this organ in the animal economy, he thus 
concludes his communication, " that the fluid 
contained in the cells of the spleen is secreted 
there, is rendered highly probable, since it is 
most abundant while the digestive organs are 
employed, and scarcely at all met with when 
the animal has been some time without food. 
The great objection to this opinion is, there 
being no excretory duct but the lymphatic ves- 
sels of the spleen ; these, however, are both 
larger and more numerous than in any other 
organ ; they are found in the ass to form one 
conunon trunk, which opens into a large gland 
on the side of the thoracic duct, just above the 
receptaculum chyli ; and when the quicksilver 
is made to pass through the branches of this 
gland, there is a trunk equally large on the op- 
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posite side^ which makes an angle, and then 
terminates in the thoracic duct. These lym- 
phatic vessels are equally large as the excretory 
ducts of any other glands, and therefore suffi- 
cient to carry off the secretion formed in the 
cells of the spleen ; and where a secretion is 
to he carried into the thoracic duct, it wovld 
be a deviation from the general plan oi the 
animal economy, were any but lymphatic ves- 
sels employed for that purpose.'** 

There is one objection to the importance 
which Sir E. Home appears to attach to the 
secretory powers of the spleen, which is not 
very easily removed. If the secretion be of 
vital consequence to the system, how does it 
happen, that the excision of this organ in dogs 
and other animals is not attended with serious 
effects ? To endow an organ with an indis- 
pensable office, while we find, when it is de- 
stroyed, that the animal and organic functions 
of the body are carried on with regularity and 
perfection, does not appear very philoao* 
phical. The function which I have ascribed 
to the spleen is not liable to such objections, 

MAiiPiGHl frequently removed the spleen 
of dogs, without observing any material effect; 

• Phil. Trang., Part IL, 1811- 
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and M. Assollant has lately performed the 
operation on 46 animals of the same kind, un- 
der the direction of Baron Duputtren> with 
iho same rosults. The following passage shows, 
that Ae operation may be performed without 
^sturbing the vital functions of the system :— 
^'-Dans totites les experiences faites par M, 
Assollant sous les yeux de M. le Professeut 
DupUYTREN, on n a remarque aucune change- 
ment danslacouleur et la texture des parties de 
4ges animaux ; ehez eux la diffestion, F absorption, 
la circulation^ la re^ratian et la voix. Us secre- 
tions, la nutrition, la locomotion^ la sensibility, les 
imsations, hsfacvMs instinctives^ la reproduction, 
(mcwne de ces functions n'a prowoi le moindre 
trouble:''^ 

The spleen has also been removed by Dr. 
Saunders^ for the purpose of ascertaining 
whetSier it contributes in any way towards the 
:secretion of bile. '' It is imagined by some/' 
lie observes, " that the blood, in its course 
through the spleen, receives changes, which 
<enable it the better to concur with the liver in 
the secretion of bile. Baxon Haller was of 
4>pinion, that the blood, returned by the epi- 
ploic and mesenteric veins, contained a large 

* DioUonaire des Sciences Medicftles, Jour. XLVIL p. ^4<6. 
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portion of the adipose matter, which it received 
by the absorbent power of those veins, and 
which imparted to it a great degree of vis- 
cidity, that without the diluting power of the 
splenic blood, which mixes with it ^hen en- 
tering the vma partarum, it would be liable to 
concrete." These and a variety of other hypo- 
theses are disproved by direct eiq>eriments in- 
stituted by Dr, Saunders. '* The result of 
these experiments,'' he says, '' makes it highly 
probable^ that the bile secreted after liie loss 
of the spleen, dif^s in no respect from other 
bile ; and that the livet, in the exercise o[ its 
functions, is perfectly independent on that 
viscus. ♦ 

Without multiplying prodfe, it is evident 
that tiiie spleea is not necessary for the func- 
tion which has been ascribed to it ; for if it 
were indispemsabie to the perfect digestion of 
food, this pi^ooess would be impeded or de- 
stroyed, whenever the stomach was deprived 
of its assistan(^e, which however is not the caise. 
But altho!}gh we have not hitlierto been suc- 
cessful in discovering the nature of its office, we 
are not to conclude, that it occupies its present 

* A Treatise on the Structure, Economy, and Diseases of the 
Liver, by Wilxiam Saunders, M. D., F. R. S., & S. A. 

C 
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situation merely for the purpose of filling up 
a vacant space. 

The physiology of the liver is almost as little 
understood as that of the spleen. Much has 
been vnitten on the function which it is sup- 
posed to perform, viz. the secretion of bile ; 
but it is still undecided whether this be ef- 
fected by means of venous or arterial blood. 
If by the latter, for what end is so much 
venous blood directed to the liver ? and, if by 
the former, the difficulty still remains in ac- 
counting for the great quantity of oxygenated 
fluid which is transmitted to it. 

In whatever manner the subject is viewed, 
according to the established notions of the day, 
the physiology of the liver is involved in ob- 
scurity. BiCHAT, after enumerating the vari- 
ous uses of the liver, observes, ** De toutes 
ces considerations et de beaucoup d autres que 
je pourrais ajouter, on pent conclure, je crois, 
que le role inconnu que le foie joue dans I'eco- 
nomie animale, outre la secretion bilieuse, est 
des plus importans. L'Hude de ce rdle est tm des 
points les plus dignes de facer ^attention des phy^ 
sioloffistes.''* 

Dr. Saunders states unequivocally, that 

* Angtoinie Genendei vol. I. p. W5. 
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bile is secreted from venous blood. " While 
other fluids," he says, " are secreted from 
florid arterial blood, which has latelj received 
changes from the air by the intervention of the 
lungs, the bile is formed from blood of a dark 
colour, possessing the common characters of 
venous blood, and is conveyed to the liver by 
a vein. That venous blood is more favour- 
able to this secretion than arterial, is very evi 
dent ; and this exception of the liver to na- 
ture's law in the economy of other glands, 
may be admitted as a proof of it." In another 
part of his book he remarks : " It has been 
proved above, that venous blood is the proper 
source of the biliary secretion."* Tliis intelli- 
gent physician has not adduced any facts in 
support of this opinion, nor is his reasoning of 
so convincing a character, as to authorize such 
decided assertions. He allows that nutrition 
is invariably accomplished at the expense of 
arterial blood ; and still further, that all secre- 
tions of the system, except that of bile, are 
derived from tiiis fluid. The colour, consis- 
tence, and qualities of the bile, are no indica- 
tions whatever that it is the production of ve- 
nous blood : this secretion does not differ more 

♦ Vide pages 19, 36, and 50. Opus supra cit. 
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widely from other secretions, than these do 
from one another. What analogy is there 
between the properties of semen and those of 
tears ? Though he allows that all secretions 
previously existed in the blood, yet he con- 
siders that the striking varieties observed are 
to be ascribed to the pecuUsr structure of the 
secreting organ. According to his own prin- 
ciples of reasoning, he cannot deny to the liver 
the faculty of secreting bile from arterial blood. 

Dr. BosTOCK imagines " When the venous 
blood becomes loaded with inflammable matter, 
which cannot be discharged from the lungs, 
principally in consequence of the high tem- 
perature to which the animal is exposed ; and 
when, from certain causes, one of which ap- 
pears to be the increase of cutaneous perspira- 
tion, this excess of inflammable matter is not 
employed in the deposition of fat, the liver 
would appear to be the organ by which it is 
removed." 

*' The considerable magnitude of the liver," 
observes Cuvier, '' in those animals which 
respire least, and its total absence in insects, 
which possess the most complete kind of re- 
spiration, since their whole body forms, as it 
were their lungs, have induced us to conclude. 
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thp.t the liver in a certain degree supplies the 
place of the lungs^ and like them, serves to 
remove from the hlood its two comhustihle 
principles/'* A similar idea is entertained hj 
Carus. " The function of the liver," he 
says, *' as a secreting organ, differs from the 
secretory action of the lungs in this respect, 
that the latter expels carbonaceous matter in 
a gaseous state, and the former a similar matter 
in a more solid form/''f' 

The opiiuon of Dr. BosTOCK is founded on 
the gratuitous assumption, that bile is secreted 
by venous, and pot by arterial blood. If we 
examine other organs, we perceive that the 
activity and extent of their fwnctions are propor- 
tionate to the quantity of arterial blood which 
they receive ; nor is it possible to discover one 
oi]gan which is in the least directly indebted 
to the venous system for the performance of 
its office. In the severe fwms of asthenic af- 
fections, when the arterial blood is evidently 
deficient in its usual oxygenated properties^ 
every function, whether recrementitious or ex- 
crementitious, exhibits a corresponding debility 

* Lectures on Comparative Anatomy, Vol. I., p. 57) Trans, 
f An introduction to the Con^parative Anatomy of Animals, by 
C. G. Carus. Trans, from the German by R. T. Gore. 
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or aberration ; and still further, a case is on 
record which shews an unusual distribution of 
the vena porta, this terminating in the vena 
cava inferior without its contents having pre- 
viously circulated through the liver.* Such a 
fact as this is more valuable towards the elu- 
cidation of the subject than all the ingenious 
theories we possess. 

In this case of lusus naturae the secretion 
of bile seemed to be as regular and perfect as 
in those individuals whose organization is na- 
tural. 

The opinion that bile is formed from venous 
blood seemed to receive considerable support 
from the investigations of Dr. Jacobson, of 
Copenhagen, into the distribution of the 
venous system in birds, reptiles, and fishes. 
He states three general modi/ications of the 
system belonging to them, which are suc- 
cinctly expressed in the following words : — 
" The blood returning from the middle and 
posterior part of the body in the Jirst and se-^ 
cond modification of this system, is conveyed 
only to the kidneys ; but in the third, to the 
kidneys and liver. "-f 

* Phil. Trans, for 1793, Part I. 

f Edinburgh Medical Journal, Vol. XIX., p. 79. 
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These facts, instead of removing the diffi- 
culty connected with the secretion of bile, in- 
crease it. That the secretion of urine is de- 
rived from arterial blood in the extensive class 
of mammalia, has never been doubted ; and, 
therefore, it is as much an assumption to ad- 
vance that this fluid is derived from venous 
blood in the kidneys, as it is to assert that bile 
is formed from it in the liver. Now, if the 
former assumption were true, in what manner 
should we account for the circulation of a con- 
siderable quantity of arterial blood in the 
liver'? Is not the proportion much greater 
than what would appear necessary to maintain 
its individual vitality ? 

Supposing the kidneys of birds, reptiles, and 
fishes, have the same relation to the venous 
system as the liver of mammalia, we have still 
to be informed whether the quantity of urine 
secreted hears an exact proportion to the venous, 
or to the arterial blood which they receive. If to 
the former, there is more harmony in the rela- 
tion of cause and effect in the kidneys than is 
found to exist in the liver, and those who sup- 
port this view have still to discover the use of 
the arterial blood. *' A liver exists in all the 
mollusca, and is very large ; but this class has 
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no gall bladder. The liver is supplied with 
blood from Uie aorta, and there is consequently 
no vena portarum.''* ' Here we observe a se- 
creting organ, whose function is exclusively 
performed by arterial blood, a fact which 
strengthens the opinion, that the secretion of 
bile is the product of artmal, and not of 
venous blood. 

The properties of arterial blood, and its ob- 
vious utility, are fully stated in the experi- 
mental inquiry to whioh I have previously al- 
luded, and from the facts and reasoning con- 
nected with the investigation, I am disposed 
to infer that all secretions are to be atoiibed to 
the qualities of arterial blood, and, conse- 
quently, that bile is derived from this fluid ; 
though I do not imagine that the liver per- 
forms no other function than the secretion of 
bile« 

We are acquainted with certain organs of 
the body whose functions can scarcely be mis- 
taken, being adapted either to propel or to axy- 
ginate the blood, to give motion or sensibility, 
or to promote evident secretions. This know- 
ledge enters more or less into every idea of 

* Blumenbach*8 Manual of Comparative Anatomy. Trans. Law- 
rencC; p. 129. 
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the nature of other functions which is not sa- 
tisfactorily ascertained. If we observe a large 
organ, we almost immediately attribute to it 
one of the above offices. This mode of esti- 
mating the intentions of nature is contracted 
and unphilosophical, and as long as we pursue 
this course of reasoning, so long will many of 
the most important operations of the system 
be enveloped in mystery. The body is mads 
up of a variety of organs, possessing different 
degrees of importance, according as tliey contri- 
bute either to the pleasure, the health, or the ex^ 
istence of the individual The lungs and the 
heart are the most important, if not the only 
vital organs of the system ; and from the views 
according to which I propose to explain the 
functions of the liver and spleen, it will ap- 
pear, that nature has been particularly solicit- 
ous to protect them. The means which she 
has employed to guard the eye, the ear, and 
the contents of the chest are apparent ; and 
are those parts which are constituted for this 
purpose to be regarded as performing no func- 
tions? If in these we perceive wisdom of 
design, how much more apparent will it be 
from an examination of the various provisions 

D 
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which have been made in order to secure the 
life and health of animated beings ! 

From what has been poeviooslj explaiiifid, 
it is evident that the hepatic al*tery is regarded 
as the source of bile ; and believing the pro- 
duction of this to be only one function of the 
liver^ it is my intention to account for ihe 
great quantity of venous blood transmitted to 
it and the spleen. Bojifa oi^ans are well 
adapted to receive a great share of sanguine- 
ous fluid, whether we consider the texture as 
composed of blood vessels or of cells, 

The function of the spleen, as well as that 
of the liver, independently of the secretion of 
bile, is considered a dk>&iundum of: the syst^oa. 
If the veins which farm the vena fortu hadpamed 
diredhf to the vena cava inferior, a thmsfmd 
accidente, arhmg either fr<mi mmtai cr cerpwed 
distwrbance^ w&uid have cMtimiaUy placed the 
life of a/n individual in immdnent danger . Every 
passion, whether of an eoodling or depressing 
character, and every general and local di^ase, if 
severe, whether chronic or aciOe, would ham been 
Uahle to have deranged the hmgs and heart. I 
have already endeavoured to shew, that pas- 
dons, of a depressing naitare, bring the blood 



THE UVER AND SPLEEN. 19 

in greater quantity thaa usual from the mfe*- 
rior and superior extremities, and also from 
the surjGsice of the body to the chest ; and I have 
also stated, that the abdominal viscera parti* 
cipate in this engorgement* Since the body 
is continually liaUe to such changes, bane- 
ful effects would fc^ow, unless ^nature had 
provided organs, whose situation, function, and 
organization, enable them to diminish the bur- 
den imposed upon those, whose constant and 
almost regular action is indispensable for the 
maintemmce of life. This object is b^utifully 
answraed by the Uver and spleen. The or^uQs 
within the chest must be regarded as possess- 
ing vital functions. If the lungs were sur- 
charged with blood, or in a condition aj^roach- 
ing to it, the {properties and distribution of this 
fluid would be immediately disordered, and 
with this primary derangement every part of 
the body v^ould quickly sympathize. 

The liver and the spleen, jram bein^ placed 
close to the thorax, are calculated to relieve the 
c&ngested hmgs and heart, or rather to protect 
tJkemfram svdden and vioknt commotions ; and 
aire ako favourably situated to protoet in the 

* See Experhnciilal Enquiry, Chap xv« 
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same manner the stomach, whose action is 
scarcely less vital. 

If we investigate the manner in which ve- 
nous blood circulates in the liver, we shall be 
convinced that its minute divisions, on this 
principle, are well calculated to facilitate the 
object that nature has in view. The vein 
ramifies through every part of the organ, in 
the way in which arteries divide themselves : 
if it had not been thus distributed, the liver 
would not have contained a quantity of blood 
equal to what it does at present ; nor would it 
have been retarded, as it is, by the nature of 
its circulation, in its flow to the lungs, which 
appears an indispensable provision in order to 
. protect these organs. 

The "spleen is, by some, supposed to be 
formed of vessels ; by others, to be chiefly 
composed of cells ; but, whichever opinion we 
adopt, it is manifest, that its structure is par- 
ticularly well formed to allow of considerable 
congestion or enlargement. In those in- 
stances, in which the circulation is very much 
disordered, and in which we have determina- 
tion of blood to the internal organs, the liver 
and the spleen are occasionally so much aug- 
mented in size, that they cannot be supposed 
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to contain less than many pounds of blood. If 
these organs had been absent, or incapable, 
from structure or situation, of receiving an ex- 
tra proportion, this quantity would have been 
added to that which is already retarding the 
action of more vital organs, the consequence 
of which would be the total cessation of life. 
We may complain of the enlargement or dis- 
oi^anization of the Uver and spleen, but we 
must remember, that although we occasionally 
suffer from the diseased conditions of these 
organs, we are preserved from many acute 
affections, which would seldom allow man to 
to arrive at maturity, unless the constitution 
were endowed with instruments fitted to bear 
oppression. If we consider the temperaments 
most subject to derangements of these parts, 
the diseases which affect very much the inter- 
nal viscera, and the influence of external 
agents upon the body, we shaQ probably ob- 
serve more clearly the consistency of the view 
proposed to explain the functions of these 
organs. 

Of all the temperaments, the melancholic is: 
by far the most frequently characterized by 
disease or augmentation of the liver and spleen* 
Indeed, so common is it to find these con- 
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joined^ that it has been imagined that there 
exists a necessary connexion between them. 

The greater part of the ancients supposed, 
that these organs were the seats or causes of 
this temp^ament, and although it is impos- 
sible to grant that any viscus or viscera of the 
abdomen can fashion the peculiar constitution 
of the mind, still the universal langui^e o£ 
mankind proves, that these organs were generoMy 
large or diseased m individnab of this tempera-^ 
ment. We very rarely find persons so consti- 
tuted take constant exercise; their habits for the 
most part are sedentary, and instead of enjoy- 
ing the ^ety and hilarity of convivial parties, 
they gen^:ally prefer solitude, or are occupied 
in brooding over real or imaginary evils* In 
the chapter on the Physiology of the Passions, 
already alluded to, the manner in which the 
body suffers from a disorder in the powers of 
the mind is fully discussed ; and as the feel- 
ings of mdancholy are considered to operate 
in the same way, as those which were referred 
to the division of mental sedatives, there is 
little further to add on the present occasion.* 

A life of inactivity, or one abounding in dis- 
agreeable sensation£^ tends to determine the hhod 

* See Experimental EnquiTyy Chap. xv. 
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internally, and those organs which are hed adapted 
to hear this determination, or state i^ congestion^ 
will suffer to the greatest esctent. The liver and 
spleen being formed in every reqiect, to receive 
the principal share, they will necessarily ex-^ 
hibit symptoms of denngement m: disease, aa 
if they were the only disordered organs, but in 
this state of the ^stem we abo remark, very 
frequentiy, if not constantly, acute headache, 
palpitation of the heart, sc^netbnes con^ aiid 
difficulty of breathing, or aberration of the 
mental feeidties ; and unless the two abdomi- 
nal viscera had beaa so 4)onstituted and placed, 
the whole train of the latter effects would have 
became too prominent for the existence of the 
animal economy. If these principles are al* 
lowed to be oofract, the treatment of nervous 
diseases mast be oonsiderably modified. 

From the variety and in^Etaace of ihe ab- 
dominal 4M?ganfS, diseases are frequently oceuir- 
ring in thiMSk CSongestions, or inflammations, 
^ther ramaining local, or exciting generalfever, 
or producing their ordinary consequ^ices, such 
as adhesions, ^sorganizadions, dropsies and in- 
mours, disturb the r^ular course of the circu- 
lation, and v«ry much disorder the functions 
of the heart and luugs. Bat how much more 
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would these organs be oppressed, if the liver 
and spleen had been incapacitated, either irom 
structure or fimctions, for performing the office 
for which nature is supposed to have intended 
them ! If each had any other exclusive part 
assigned it, to secrete, for example, to assimilate, 
to propel, or to endue with sensibility, or motion, 
it would be impossible to conceive, that any 
one of these functions could remain amidst 
such constant disorder, or disease ; and if this 
argument be allowed, it is clear tluit the more 
vital or necessary organs of the system could not 
withstand the oppression arising from the deter- 
mination or congestion of blood. 

Intermittent fevers, and particularly those of 
tho quartan type, are of all agents the most 
pow^ul in disturbing the abdominal organs. 
In these the liver and spleen are occasionally 
observed of immense size, occupying the two 
h3rpochondnac regions, and extending over 
a considerable portion of the abdomen towards 
the hypogastrium. It would seem that these 
lai^e organs were the ^eats of the disease, but as 
they have little influence in causing or exciting 
a predisposition to it, we must look to other 
sources for its origin ; and if we reflect for 
a moment on the quantity of blood accumu- 
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lated in these two viscera, we shall he almost 
under the necessity of acknowledging, that if 
this had heen distributed equally among the 
heart, the lungs, the brain, and the abdomen, 
the powers of life would have been de- 
stroyed. 

The various organs enumerated are not de- 
prived of their usual share of the sanguineous 
fluid, during the congested condition of the 
abdominal organs, btU actvaUy possess more, 
and therefore a farther increase ivould be fatal 
to their action. This condition of the two or- 
gans in question, has so frequently presented 
itself to the pathologist, as to lead him to sup- 
pose, that the seat or cause of fever is not un- 
usually resident in one of them; and although 
I am willing to grant that this may occa- 
sionally be the case ; yet, I am firmly per- 
suaded, that post mortem examinations have 
too often induced him to regard efiects in the 
light of causes. In fatal cases of fever, whe- 
ther of an intermittent or typhoid nature, how 
often do we observe these organs enlarged ; of 
a firm but brittle texture, according to the ex- 
tent and continuance of the disorder; and, at 
the same time, the mucous membrane of the 
stomach and intestines, exhibiting a vascular 

E 
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appeaxance, or here and there patches in va- 
rious degrees of congestion or inflammation ; 
and while we remark these simultaneous con- 
sequences^ we are astonished to find the ven- 
tricles of the brain well charged with serum, 
or its vessels and membranes as much diseased 
as the preceding organs. Such cases furnish a 
striking proof of the ineflSciency of nature in 
struggles of this kind; although she is prepared 
to contend, for a time, from possessing organs 
every way calculated to ward off the moment- 
ary attacks of disease ; yet, when these are 
violent, or long-continued, the auxiliary means 
are overcome, and it is then, that the vital 
functions of the system are oppressed or de- 
stroyed. 

The above description of the results of fever 
shews, with wha)t facility and plausibility the 
speculative physician may argue concerning its 
seat or origin. How natural it is for a Clut- 
TERBUCK to take possession of the head ; how 
consistent for a Broussais to seize upon the 
stomach and intestines ; and how reasonable 
for the whole world to turn their attention 
to the liver and the spleen, as the sources 
of febrile action. While we admire the 
genius and acquirements of these system- 
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founders, it is certainly to be regretted, that 
their theories ever formed principles of prac- 
tice. Although they themselves may have 
minds too expanded to be confined within the 
trammels of their own systems ; yet their fol- 
lowers, unfortunately, either from ignorance or 
respect, slavishly follow them. 

In speaking of the influence of passion, I 
alluded to several cases of jaundice, mentioned 
by BiCHAT and Georget, as the consequence 
of depressing feelings of the mind ; and such 
a phenomenon, according to the explanation 
given, shows the origin of the symptom^ and the li^ 
ability of the liver to congestion. This is an occur- 
rence by no means rare ; but the frequency 
and severity of this condition, arising from 
mental emotions, demonstrate the necessity of 
such an organ. If it were absent under such 
circumstances, the lungs would immediately 
be surchai^ed with blood ; if they were able, 
for a short period, to continue their operations, 
these would be so feebly and imperfectly per- 
formed, that death would speedily taJke place, 
either in the heart or the brain. Is it possible, 
then, to suppose that the liver and spleen have 
no functions, when they conjointly contribute 
to preserve the constitution from almost in- 
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stantaneous destruction, | or acute diseases, 
whenever the equUibrium of the circulation is 
deranged ! 

It may, probably, be advanced, in opposition 
to the present view, that individuals frequently 
die from disease of these organs, and, there- 
fore, they may be considered injurious, as 
a disordered action would not be present to 
derange the animal economy, if these viscera 
had formed no part of the system; or, if the 
liver be supposed so small as simply suflScient 
to secrete bile, this state of diminution is almost 
equivalent to its absence, in regard to its oflSce 
^s a diverticulum. 

In every instance, except in those in which 
these organs suffer from extemal injury, it 
cannot be qalled in question, that the acute or 
chronic affections of these parts, are invariably 
to be attributed to general or local disorders, 
that would have soon destroyed life, unless 
certain viscera had been so constituted, as to 
divert the excited action, or overloaded state 
of the blood vessels. In the severe forms of 
inflammation of the mucous membrane of the 
bowels, the peritoneum, stomach, or kidneys, 
death sometimes occurs, without any other or- 
gan, save the one affected, being particularly 
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diseased ; but this £aci furnishes no objection 
whatever to the office ass^ed to the liver and 
spleen; for the local affection may have been 
so great, as to overwhelm the powers of the 
system, by the general disturbance induced by 
it, in degree too violent to be lessened hy the func- 
tions of the above organs, or in extent too great to 
be controlled ty any capabilities they possess. 
But though these cases seem opposed to the 
principles inculcated, if we turn to the various 
diseases of the abdomen, in which these organs 
occasionally participate, to a considerable ex- 
tent, we shall find that the parts primarily 
impUcated have their acute states transformed 
into chronic conditions, and that these are 
either rendered mild, or subsequently removed 
from the beneficial influence of the auxihary 
organs. 

In intermittent fevers, and in many other 
diseases, but particularly the former, the liver 
and spleen are found similarly affected ; and 
from this circumstance, we should suppose, 
that there was one office common to both, or one 
condition of the system which ejected them 
equally; and we also observe, that the means 
which relieve one, benefit equ^ally the other. 

Having now briefly considered the import- 
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ance of the liver and spleen, as diverticula to 
preserve from disease, or to alleviate its severity, 
it is scarcely necessary to observe, that it is 
easy to explain the possibility of the spleen 
being excised in man, and in' the inferior 
animals, without detriment to either, ex- 
cept from inflammation almost inseparable 
from the operation. If it be removed, and the 
individual recovers his wonted energies, these 
may exist for a series of years ; because their 
exercise does not depend upon the spleen, but 
upon the proper action of organic laws, which 
are equally independent of the same organ in 
the undisturbed state of the system. Its office 
is not to contribute^ every moment, to the mainte- 
nance of life ; but only, on trying occasions, to 
develope the full powers of its functions, and, in 
conjunction with those of the liver, to protect the 
vital principle Jrom destruction. 

The liver and the spleen are not only valu- 
able to the human species as diverticula, but 
they are also of essential service to every 
gradation of animal life, in which one ot 
both are found. In these, perhaps, the or- 
ganization of the system may be more 
simple, and its susceptibility of external im- 
pressions less acute, than in the structure of 
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the human frame ; but although there may be 
a difference of this kind^ jet it is almost in- 
dispensably necessary, wherever a vigorous circu- 
lation exists, that one or both organs should be 
present, in order to lessen the pernicious influence 
of external causes, which have a tendency to dis- 
turb the regular distribution of the blood. In 
the preceding pages, it has been remarked, that 
these organs tend to protect, from sudden and 
extensive injury, the functions of the thoracic 
viscera^ and the digestive powers of the sto- 
mach. The lower animals are frequently 
placed in circumstances, in which it is requi- 
site to the well-being or preservation of their 
existence, that they should possess instru- 
ments capable of mitigating the injurious ef- 
fects arising from a copious or instantaneous 
determination of blood to the internal or- 
gans. If an animal be chased for any length 
of time, or if it be strongly excited in the 
pursuit of its prey, the circulation of the blood 
is very much disordered ; and when a state of 
rest succeeds this violent excitement, thoi:^h 
the blood was before difiiised in abundance 
over the surface of the body, it becomes accu- 
mulated in the same proportion in the internal 
oi^ans. Great muscular exertion always giv^ 
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rise to a diminished action of the heart ; and 
if this be debilitated in consequence of previous 
excitement, it immediately produces an in- 
ternal determination of the blood. This fluid 
is transmitted to the surface of the body in 
greater quantity than usual during exercise, 
from the increased contractions of the heart ; 
and if these become fewer, or less energetic, it 
cannotpossibly bemaintained there in the same 
quantity, and will, therefore, become intemaL 
in its distribution ; giving, till the circulation 
regain its natural action, an undue propor- 
tion to those organs which are best adapted to 
receive it. The liver and the spleen are cer- 
tainly well calculated to bear great oppression, 
without directly endangering the powers of life. 
One or both of these organs are found in the 
mammaUa, amphibia, and in birds and fishes. 
When both are found, their size is in in- 
verse ratio to each other; but when only 
the former, it is generally large. From these 
circumstances, physiologists have been led to 
suppose, that the spleen contributes to the 
secretory functions of the liver, by converting 
arterial into venous blood ; that is, by depriv- 
ing the arterial fluid of its vital properties. 
It has never been proved that bile is the 
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production of venous blood ; and analogy, to- 
gether with the facts we possess in regard to 
the secretion of this fluid in certain classes of 
animals, as the mollusca, for example, in which 
there is no vena porta ; and the few solitary 
cases of lusm naturse, in which the liver has 
been supplied exclusively with arterial blood, 
are certainly opposed to such a conclusion. 
If the Kver and the spleen be allowed to be 
diverticula, we observe the wisdom of Provi- 
dence in making the former large in those ani- 
mals which do not possess the latter, or in de- 
veloping them in those which have both, in 
an inverse ratio to each other. The spleen, 
in the difierent classes of animals, is certainly 
well calculated, from iis situation, to preserve 
the stomach, and the source of circulation, from 
being violently disturbed whenever sudden 
and extensive changes occur in the sanguifer- 
ous system. In the mammalia this organ is 
almost invariably found at the left side of the 
stomach, or, if there be several stomachs, it is 
pliau^ed at the left side of the first or lai^er one.* 
In birds, it is observed to be connected with 

* An Introduction to the Comparative Anatomy of Animals, by 
Dr. Carus. Trans. Vol. II., p. 288. See also a Manual of Compa- 
rative Anatomy, by Blumenbach. Trans, by Lawrence, p. 128. 
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the glandular cardiac cavity, and the left por- 
tion of the liver. In the amphihia, it is ge- 
nerally attached to the left side of the stomach, 
as in the salamander, or placed near the colon, 
as in frogs and toads, while in fishes, it is 
not unfrequently connected with the larger 
end of the stomach. If we investigate the 
various causes which are capable of influenc- 
ing the circulation of the blood in these dif- 
ferent classes of animals, we shall be fully con- 
vinced that the function, which I have ascribed 
to the liver and spleen, is of vital importance 
whenever these causes are in operation. The 
variations iji the temperature of the atmosphere, 
from heat to cold, are calculated to disorder 
the circulatory system, particularly in warm- 
blooded animals. The feathered tribe are very 
generally affected by the severity of winter, 
although nature, at this season of the year, 
provides ihem with a plumage better fitted 
than the one they possess in the summer, to 
enable them to endure the bleak winds and long 
cold nights ; yet thousands perish fi:om their 
inability to withstand the inclemencies of the 
weather : whilst the appearance of those that 
survive is haggiard ; their cheerful songs are 
no longer heard, and their sufferings are indi- 
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cated by their silence. But, after the genial 
excitation of a few warm days, they are con- 
tinually flying about on buoyant wings, and, 
by their early notes, and sprightly motions, 
intimate the restoration of those vital energies 
which invariably return with the blooming 
flowers, and the genial rays of spring. If, how- 
ever, the warmth and brightness of these sunny 
days are chilled and overcast by a return of 
frosty and tempestuous weather, both the 
animal and vegetable kingdoms again droop. 
Plants have vessels, through which sap, in the 
vernal season, is abundantly distributed to the 
young buds and tender leaves ; but if the frosts 
continue severe, this fluid is repelled or pre- 
vented from flowing, and vegetation conse- 
quently loses its healthy and natural vigour. 
The causes which produce these effects are not 
partial, but general ; their influence is modi- 
fied by one circumstance alone — the peculiar 
state of the object on which they act. 

The circulation of blood in animals is liable 
to be excited or depressed by heat and cold in 
the same manner as the flow of sap in plants ; 
and unless nature had provided organs capable, 
from their situation and constitution, of readily 
receiving a considerable portion of the blood 
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that is determined internally, the lungs, the 
heart, and the chylopoietic viscera would be 
too much oppressed by an ixiordinate quantity 
of this fluid to exercise their usu^il functions. 
It frequently indeed happens, although these 
organs relieve the oppressed state of the ani- 
mal system induced by cold, that the powers 
of life are too much enfeebled to continue in 
operation. But if there were no organs of this 
kind, the vital parts of the system would he 
more frequently disordered, and the effects of 
their derangement would be of a more fatal 
character. Mangili and Paris, observing 
the veins and the glands of the throat large 
and congested in hybemating animals during 
their repose, endeavoured to account for the 
phenomenon of torpidity on hypothetical jprin- 
ciples, founded on these appearances, which I 
have proved to be incorrect in the experi- 
mental inquiry ;* having shewn that they may 
be easily explained by taking into considera- 
tion the influence of cold on the animal body, 
and the tendency of the blood to flow to those 
parts of the system in which it meets with the 
least resistance. An attention to the same 
causes will also furnish a satisfactory explana- 

* See Chap. VII. 
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tion of the apparently great capadity of the 
congested state of the veins, as well as that of 
i]^e glands. Since these are so mudb affected 
by the determination of blood to the internal 
organs, it cannot surely be denied that the 
liver and spleen are at the same time engorged 
to a degree proportionate to their organic ca- 
pabilities, which are very considerable ; and, 
if this be granted, it must be admitted, as a ne- 
cessary consequence, that were there no such 
oi^ans as these, the whole of that blood which 
is transmitted to them, would be received by 
other parts of the system under circumstances 
that would most probably destroy the possibi- 
lity of a renewal of the suspended powers of 
life. Fishes, from the variations of tempera- 
ture to which their element is subject, and the 
different degrees of pressure from the weight 
of water that they bear, according to the vari- 
ous depths to which they descend, require to be 
frunished with a liver and spleen, or at least 
with one of them, in order that their oxygenat- 
ing, propelling, and digestive organs may not 
be unduly oppressed by changes occurring in 
the circulatory system. In short, wherever a 
sanguiferous system exists, and is liable to be 
affected by mental or physical causes, or by 
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both, there is evidently an absolute necessity 
for organs capable of receiving the greater por- 
tion of the blood, which is occasionally deter- 
mined internally in an undue proportion. It 
therefore seems consistent with analogy and 
facts, to regard the liver and the spleen as di- 
verticula, though in ascribing this office to the 
former, I by no means intend to question its 
importance as a secretory organ. 



THE 

PHYSIOLOGY OF THE F(ETUS. 



CHAP. I. 

THE VARIOUS OPIHION8 EMTSBTAINSD CONCERNING THE 
NOURISHMENT OF THE FCETUS. 

I WAS naturallj led to the study of the present 
subject by the physiological inquiries I recent- 
ly made respecting some of the most im- 
portant laws of the animal economy. In the 
prosecution of these^ I endeavoured to shew 
in what manner the blood is influenced under 
a variety of circumstances ; and by explaining 
many phenomena, previously deemed inex- 
plicable, or erroneously accounted for, I was 
enabled to advance a considerable way in elu- 
cidating the complex function of the lungs, 
and also to shew the necessary dependence of 
all corporeal actions on the regular operation 
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of these organs.* The views I then unfolded 
tended to correct many erroneous opinions 
which have heen formed in regard to the sup- 
posed efficiency of the nervous fluid in the 
production of animal heat, and the secretion 
of gastric juice. Appearances make a strong 
impression on the human mind; hut that im- 
pression is always deeper when the origin of 
them is enveloped in mystery. When im- 
portant effects are explained hy a few simple 
causes, the mind is seldom satisfied with the 
proofs which are adduced. It continually re- 
verts to the appearances themselves, and fancies 
that these are too extraordinary to he accounted 
for on principles which are easily understood. 
The great dissimilarity in the character and 
value of the contributions to science by dif- 
ferent individuals, arises probably less from an 
innate difference in their intellectual faculties, 
than from the influence of prejudices imbibed 
in early life, which prevent the impartial ex- 
ercise of the reasoning powers in the investi- 
gation of scientific truths. How often has 
the progress of physiology been retarded by 
those who most ardently wished to accelerate 

* Experimental Enquiry into the Laws of Organic and Animal 
Life. 
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it. If the physiologist throw a new light on 
one department of his suhject, it is more than 
probable that he will darken the avenues 
which lead to the elucidation of the difficul- 
ties connected with another. Ought we, then, 
to be surprised that physiology has been so 
remarkably slow in acquiring fixed principles, 
and has yet been attended with so few prac- 
tical advantages? 

It is to be regretted that the study of this 
science has not been more imperatively en- 
forced in medical schools. It has too generally 
been considered of secondary importance, and 
hence an exclusive attention has been paid to 
other branches of knowledge, the principles 
and relations of which would have been better 
understood, if an extended acquaintance with 
physiology had been previously formed. 

In reviewing the different opinions which 
have at various periods been held, respecting 
the laws which regulate the development of 
the foetus, the accuracy of the preceding re- 
marks will be soon apparent. That the sub- 
ject should have been studied to no purpose 
before the discovery of the circulation of the 
blood, ought not to be a matter of surprise ; 
but it is very extraordinary, that this import- 

G 
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ant addition to our knowledge, and the many 
other valuable accessions which it has received 
from anatomy and physiology, have not led to 
the discovery and establishment of more ra- 
tional principles than were taught by Hippo- 
crates* and Galen, who believed that the 
foetus was nourished by means of the mouth 
and umbilical vessels — an opinion which 
was also adopted by HARVEY,f Darwin,J 

* Quae cunque enim incalescunt, spiritum emittunt et alium frigi- 
'dum vicissim, quo nutritmtur^ attrabunt. Atque ex quidem a me 
udducts rationes necessarid efficiunt, ut genitura in utero incalescens, 
«pintum habere et emittere videatur, aimulque a matre spirante spira- 
tionem habere. Cum enim mater aerem firigidum ad se attraxerit, eo 
genitura fruitur." In another part he says : — ^' Post exactos decern 
foenses, ubi fistus grandior est, alimentum et incrementumy quod a 
tnatre demittitur non amplius puero sufficere potest. Quod enim in 
sanguine dulcissimum est, ad sese attrahity simulque aliquantula lactis 
portione fruitur.** — De Natura Pueri. 

f Initio quidem, per umbilicales radices alitus, plante vitam quan- 
dam degit ; unde corpus crudum, album, atque imperfectum conspi- 
citur ; et, plants instar, immobile atque iners manet. Quamprimum 
verd per os eodem alimento ulterius elaborato fruiturs quasi spiritu 
diviniore gaudens, et sublimiore exultans Tegetationis gradu, mucago 
dicta in camis naturam transit, motiva (»gana distinguuntur, spiritus 
locupletantur, motumque orditur : nee jam ampliils, plantarum more, 
per radices ; sed, animalis instar, per os nutritur, et illius vitam degit. 

— De NtTTRITIONE PULLT IN OvO. p. 199. 

j: From: these facts and observations we may safely infer, that the 
fietusin the womb is nourished by the fluid which surrounds it, which, 
during the first period of gestation, is absorbed by the naked lacteals ; 
and is afterwards swallowed into the stomach and bowels, when these 
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BoNETUs,* and many others. Appearances, 
which at first seem favourable to an hjrpothe- 
sis, are apt to deceive. The foetus was ob- 
served swimming in a fluid, the origin of 
which was unknown, and matters of a peculiar 
kind were also observed in the stomach and 
intestines. The existence of the waters of the 
amnios and the indications of a digestive pro- 
cess in the chylopoietic viscera, although ex- 
tremely trifling and imperfect, induced them 
to believe that these waters were essential to 
nutiition, and, were, moreover, received by the 
mouth. It was maintained by some that such 
an opinion was much strengthened by the 
readiness with which a child learns to suck -^ 
" Embryo itaque per os victum quserit et su- 
git. Idque facile deprehenderis, si ei statim 
ab utero execto digitum in os immiseris. 
Quod, teste Hippocrate, nequaquam faceret, 
nisi prills in utero suxisset.f . Although 

organs are perfected ; and lastly, that the placenta is an organ for the 
purpose of giving due oxygenation to the blood of the foetus ; which 
]S more necessary, or at least more frequently necessary, than even the 
supply of food. — ZooNOMiA, vol. I., p. 541. 

* Id ut pateat, clarius, praesuppono. Foetum in utero materno nu* 
triri non solum per umbilicum, sedetiamperos juxta Hippoc. Doctrina 
Harvei* — S£GERi, DELA CouRVEEct aliorum.Tom.IIL,p. 615* 
f Harvey De Nutritione Pulli in Ovo. p. 190. 
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Harvey attributes the nourishment of the foetus 
both to the liquor amnii and to the blood de- 
rived f]X)m the mother, yet it is evident from 
his reasoning on various occasions, that he 
attaches the greatest importance to the former,* 
HoFMANN, on this subject, expresses himself as 
follows : — " Nutritur infans mediante succo 
temperato, gelatinoso matris, qui per spongio- 
sam uteri substantiam transcolatur et a secun- 
dina recipitur,per cujus vasa ad infantem defer- 
tur." The best physiologists of modem times are 
disposed to regard the placenta as alone necess« 
ary for the purposes of foetal nutrition. Dr. 
Monro, Primtis, supports this view with con- 
siderable ingenuity, and with that clearness of 
conception, and vigour of intellect so peculiarly 
characteristic of him.-f Magendie alludes 
to the very intimate connexion between the- 
mother and foetus, but, with his usual caution, 
hesitates in giving a decided opinion. 

Mayow considered the placenta as accom- 
plishing a nutritive process, and effecting che- 
mical changes in the blood. He believed it 

* Et quemadmodum in ovo gallinaceo, pullus per vasa sua umbi- 
licalia ex albumine alitur ; sic etiam foetus in damis et cervis, ex con- 
simili in his cellulis reservato albumine nutritur non autem ex san- 
guine. 

f Edinburgh Medical Essays, vol. I. p. 290. 
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to be to the foetus what the lungs are to the 
adult. This view is also advocated by Dr. 
BosTOCK. "We have every reason to be- 
lieve" observes this physiologist " that the pla- 
centa serves the purpose of lungs for the foetus, 
and that it performs this oflSce by having its 
blood brought into close proximity with the 
arterial blood of the mother, in the same way 
that the venous blood of the pulmonary artery 
receives its appropriate change by means of 
the air which is contained in the vesicles of 
the lungs." If it were even allowed that the 
functions of the uterus are analagous to those 
of the lungs, several considerations seem to 
shew that the supposed sunilarity of action 
does not in the least remove the difficulties 
connected with the nourishment of the foetus. 
Would the organic powers of the adult be 
invigorated and developed if alimentary prin- 
ciples were not conveyed into the blood ? Is 
the addition of oxygen, or are the changes it 
promotes, sufficient to maintain life ? And 
whence does the foetus derive the nourishing 
properties of food, if its. blood is only " in close 
proximity with the arterial blood of the mo- 
ther ?"* 

* Elementary System of Physiology, vols. II. and III., pp. 201 and 43. 
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Wilson Philip imagines that the uterus 
has some wonderful power of generating a 
fluid, similar in its nature to Galvanism. The 
idea is borrowed from his views of animal heat 
and digestion ; and this erroneous application 
of it illustrates the great tendency of the hu- 
man mind to adapt to its own favourite specu- 
lations, the most unlikely circumstances. In 
reference to the peculiarities of the foetus, 
Abernethy candidly acknowledges, that "we 
really do not know any thing of these pecu- 
liarities :" yet notwithstanding this acknow- 
ledgment, he affirms, that " the placenta serves 
the same function with regard to the foetus that 
the lungs do in the adult, viz., producing a 
change in the quality of the blood which was 
essential for the sustentation of vitality."* M. 
Geoffroy St. Hilaire has lately read a me- 
moire in the Academy of Sciences of the Institute^ 
on the respiration of the foetus, in which, pro- 
ceeding on the principle that there cannot be 
organization without the combination of a nu- 
tritious fluid, nor assimilation without oxygeji* 
ation or previous respiration, he endeavours to 
shew — 

1, That a respirable gas exists in the am- 

* Lancet, vol. XIL p. 226. 
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niotic fluid, as shewn by the experiments of 
M. M. Chevreuil and Lassaigne. 

2, That the fcBtus, by means of its pores, as 
by so many tracheas, in the same manner as 
aquatic insects, is enabled to consume the air 
contained in the surrounding fluid, owing to 
the air being thus brought in contact with the 
venous blood which fills the capillaries of the 
skin. 

3, That the contractions of the womb, and 
of the abdominal muscles, keep up a certain 
degree of pressure, which is as requisite to the 
perfect performance of this process, as to the 
ordinary act of respiration.* 

The liquor amnii has more generally 
been supposed to be the source whence the 
foetus derives its nourishment, than any part 
of the maternal or foetal system ; and the opi- 
nions concerning the manner in which this 
fluid is absorbed are not less various, as the 
following passage will prove, than those which 
are proposed to explain the nutrition of the 
foetus. '* Toutefois, les physiologistes qui ont 
admis cette source de matiere nutritive ont 
differ^ siu: la voie par laquelle ils Tout fait 
penetrer; tours-a-tours ils ont indiquela peau, 

♦ Med. Repos. New Scries, 1824. 
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I'appaxeil digestif, Tappaxeil respiratoire, les 
voiesgenitales,les mammels. Buffon,Osian- 
DER, Vandenbosh, ont fait absorber la liqueur 
del' amnios par la peau du foetus/'* In the 
London Philosophical Transactions for 1829, 
there is a communication from Dr. Lee, on 
the subject of foetal nutrition. He attempts 
to shew that the liver is a secretory organ of 
albumen during foetal life, and, moreover, that 
this contributes to the nourishment of the 
child in utero. 

* Adelon Physiologic Del' Homme, Tom. IV. p. S88. 



CHAP. II. 

THE PRIMARY AND SECONDARY FUNCTIONS OF LIFE. 

It is not^ on a)l occasions, easy to understand 
the mysterious operations of the animal eco- 
nomy ; but when they are examined with care, 
a few important facts are gradually discovered, 
which serve as certain fixed points of light, to 
direct our furth^ investigations, and to clear up 
the obscurity that envelopes them. In the mul- 
tiplicity of organs of which the system is com- 
posed) and on all of which its health, more or 
less, depends, supposing that they all merit an 
equal consid^ation, we ajre apt to be perplexed 
in endeavouring to ascertain those which are 
of primary, and those which are of 9ec(mdary 
importance. If we succeed in distinguishing 
the proper office of each oi^an, we shall perceive 
that some have a direct, and others an indirect, 
influence in f»roducing one great result, viz., the 
nourishment of the body. The brain and the 
spinal cord are essential to intellect, sensibility, 
and motion, which are properties of animal life ; 
but they are not indispensably necessary to the 

H 
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functions of organic life. A part of the motory 
nerves is employed in the process of respira- 
tion, regulating the ingress and egress of air into 
and from the lungs ; hut direct experiments 
have shewn, that these actions are performed, 
and the chemical changes of the hlood effected, 
as in the natural order of things, when the influ- 
ence of the motory nerves is destroyed, provid- 
ing the introduction and expulsion of air he 
secured by the insertion of a small tube into the 
divided trachea-* Satisfactory proofs, in con- 
firmation of this opinion, are also derived from 
foetuses bom without the first mentioned organs, 
whose system is otherwise perfectly strong iand 
healthy. The lowest gradations of animal life 
are destitute of these organic instruments, but 
they have others in harmony with the simplicity 
of their organization, which conduce to their nu- 
trition and development. It will appear from 
subsequent observations, on some of the laws of 
the vegetable kingdom, that the same general 
contrivances for the preservation of existence 
are found in every animal and vegetable pro- 
duction, life, through every link of creation, 
is maintained by similar designs. '' Nature ne- 
ver oversteps the bounds which the necessary 

* Experimental EnquirVi Chap. x. 
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conditions of existence prescribe to her; but 
whenever she is unconfined by these conditions, 
she di^lajs all her fertility and variety. Never 
departing from the smallest number of combi- 
nations that are possible, between the essential 
modifications of important organs, she seems to 
sport with infinite caprice in all the accessary 
parts. In these, there appears no necessity for 
a particular form or disposition. It even fre- 
quently happens, that particular forms and dis« 
positions are created without any apparent view 
to utility. It seems sufficient that they should 
be possible ; that is to say, that they do not de- 
stroy the harmony of the whole. In propor- 
tion, therefore, as we turn our attention from 
the principal organs to those which are less 
important, we discover increasing variations ; 
and when we arrive at the surface of bodies, 
where the nature of things requires that the 
parts least essential, and the injury of which is 
least dangerous, should be placed, the number 
of varieties becomes so considerable, that all 
the labours of naturalists have not yet been 
able to give us an account of them."* Ad- 
ditional organs are bestowed on the animal 
of more complex construction,, that it may an- 

* Lectures on Comparative A nat., by Baron Cuvier, vol.II.p. 58. 
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swer the varied purposes for which it was ia- 
tended. What these purposes are, aod how 
far they are accomplished, it is not my present 
olgect to describe* The brain, the spinal cord, 
aod <he heart,afford a striking illnstradon of the 
additi^Hial organs which hare been given to the 
most perfect animals. These organs do not, 
in the least, directly contribute towards the 
production and elaboration of nutritious mat- 
ter ; and therefore, they may with propriety be 
regarded as of secondary, and not oi primary 
importance. The different excretions remove 
a variety of substances unessential to the sys- 
tean, which, if retained, would disorder those 
fiuM^tioas that create, distribute, and assimilate 
the nourishing properties of food. Most of the 
excretory organs have been added to the more 
perfect forms of organization, for purposes of a 
secondary nature, in regard to ikei production 
of the pabulum vitae, but of vital consequem^ 
with respect to the continuance of life, from 
the very intimate relations existing between 
them and otlieir>i^^B which produce excre- 
mentitioujs matt^r» 

Motion of every Mad, whether displaying 
itself in the constant or periodical contractions 
of the internal organs ; the graceful or violent 
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action of the limbs and body ; or^ indeed, in 
any way that indicates life, is peculiarly cha- 
racteristic of the animal kingdom ; and its de- 
grees and variety are proportionate to the 
organization of the individual, and the neces- 
sities of the place it occupies in creation. The 
senses have been given to animals, for the pur- 
pose of making them better acquainted with 
the external world, and enabling them to select 
those objects that are grateful and essential to 
life, as well as to avoid those that are disagree- 
able and injurious. " The eye presents to the 
light, transparent lenses which refract its rays. 
The ear ofifers to the air, membranes and fluids 
which receive its concussions. The nose in- 
hales the air which is to go to the lungs, and 
seizes, in their passage, the odoriferous vapours 
it contains. Finally, the tongue is covered 
with spongy papillae, which imbibe the savoury 
Uquids that are taken into the mouth." 

As the number and perfection of senses each 
animal possesses increase, they appear of greater 
importance as inlets of pleas^g;:e and knowled^, 
and of less consequence as (^ans necessary to 
existence. 

InTenies primis ab sensibus ene creatam 
Notitiam veri ; neque aensiw ppsse re&IK : 
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Nam mijore fide debet reperirier iilud, 
Sponte sua veris quod posait viucere falsa. 
Quid majore fide porrd, quam seusus haberi 
Debet ? an ab sensu ialao ratio oita valebit 
Dicere eos coDtra, que tota ab sensHnis orta est ? 
Qui nisi sint veri, ratio quoque falsa fit omnis. 
An poterunt oculos aureis reprehendere ? an aureis 
Tactus ? an bunc porro tactum sapor arguet oris ? 
An confutabunt nares, oculive revincent ?* 

The foetus has not in activity any one of the 
senses, yet the mere animal exists, and the 
numerous organs are developed which support 
the system after hirth. 

From these cursory observations we are 
prepared to understand the functions of those 
organs which are called primary, namely, the 
stomach, the liver, the pancreas, and the various 
glands that in any way contribute towards the 
elaboration of food. Although these organs are 
distinguished by different actions and proper- 
ties, yet they are all equally labouring to pro- 
duce one indispensable substance, namely, 
chyle. This fluid bears the same relation 
to the animal, that sap does to the vegetable 
system. 

It is by means of chyle, that the continual 
wastes of the frame are compensated; that 
every part of the organized being is more fully 

♦ Lucretius, Lib. IV. v. 4f80— 490. 
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developed in the period that elapses between 
infancy and manhood ; and that the various 
powers of life are invigorated and enabled to 
continue their operations, amidst extensive and 
constant changes, with unabated energy. But 
chyle is not calculated to answer any of these 
purposes, until it has passed through the lungs. 
2^ body can receive no nourishment whatever 
from any substance, unless this has undergone cer^ 
tain modifications in these organs. What the 
precise changes are, which are produced upon 
it, are unknown ; but there is little doiibt, that 
they are chemical and various in their nature. 
The ascending sap, until it has been acted 
upon by atmospheric air, is no more calculated 
to contribute to the nourishment and vigour of 
the tree, than chyle, before it has been exposed 
to the influence of the isame renovating prin- 
ciple, is adapted to preserve and sustain ani- 
mal Hfe. 

The general principle, as applied, to both the 
animal and the vegetable world, is clearly as- 
certained, and as regards the latter, receives 
abundant confirmation from the fact, that trees 
occasionally decay, from not possessing a more 
extensive surface of leaves, to expose fully the 
sap within them to the action of the air; 
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or from their receiving a greater quantity of 
it than can be perfectly oxygenated,* 

The superior surface of the leaves is requi* 
site to present the moisture derived from the 
roots to the influence of the atmosphere ; and 
the qualities of the sap thus purified^ like those 
of arterial blood, are necessary to support life. 

Hie lungs, and all parts of the animal frame, 
formed for a similar purpose, perform the same 
office, and are called primary organs. Whe- 
ther ntUritious substances be absorbed by the skin, 
the intestines, at the veins, it is evident, from the 
preceding observations, that they cannot be consi- 
dered to possess vital properties, until they have 
undergone certain chemical modifications. The 
stomach, the liver, and the pancreas, are be- 
stowed in order to produce chyle ; and this is 
the only fluid which is capable of supplying 
the various wants of the system ; but neither 
this fluid, nor any analogous to it in the ani- 
mal or vegetable kingdom, is adapted to answer 
the important purposes of existence, until it 
has experienced the action of the air. In. in- 
fancy, the appetite is keen, and tibte stomach 
quickly digests the food which it receives, 
whilst the remainder of the primary organs 

* Phil. Trans, for the year 1810. Part II. p. 178. 
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contribute, in an equal degree, towards an 
abundant production of chyle. At this age, 
the respiratory function is, also, extremely ac- 
tive, and consequently produces a more com- 
plete oxygenation of the blood than at any 
other period of life. The vigorous state of the 
bodily organs, and their great activity in early 
life, sufficiently account for the growth of the 
child, and the excess of its animal spirits. 
The frequent beatings of its pulse show that 
the sanguineous fluid is favourably situated for 
extensive chemical changes ; and, in corrobora- 
tion of the opinion that such take place, it 
may be remarked, that the venous blood of a 
healthy infant is more florid than that of an 
adult, and its temperature also, in general, 
much higher.* The child has a greater pro- 
portional quantity of the principle of life, than 
one even in the prime of manhood ; because 
those organs which nourish it are more active, 
and are seldom or never aflected by depressing 
feelings of the mind, or pernicious irregulari- 
ties of conduct. 

The constant tendency of the child to in- 
dulge in sportive amusements, such as running 
and jumping, and in violent emotions, such as 

* Expenmental Inquiry, Chap. V., p. 121. 
I 
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laughter and crying, together with the natural 
restlessness of its mind, and the hilarity of its 
feelings, all creating strong muscular action^ is 
to be attributed to its greater susceptibility of 
impressions of every kind, atod the better oxyge- 
nation of its blood. The eye is continually 
delighted with new appearances, and the ear 
charmed with agreeable sounds, which never 
fail to excite an interest in surrounding ob- 
jebts, that is always accompanied by muscular 
conditions of the body-* 

<' Dum mens alma caput cerebrique palatia celsa 
Oocupat) et famulos sublimis dir^t artiisy 
£t facili imperio nervorum flectit habenas, 
lUius ad nutum sensus extranea rerum 
Explorant sigiiai et studio exempluia fido 
Ad domiimm addocunt^ vel qpi statione locaiitur 
Vidua, capitisqne tuentur limina, ocelli, 
Naresque, auriculaque, et vis arguta palati ; 
Vel qui per totam tmrrit sparso agmine molem 
Tactus ad extrendas speculator corporis aras." 

Vegetation in spring and summer exhibits 
organic adaptations, in activity and character, 
similar to those which distinguish the growth 
of the body in infancy and childhood. As 

* ** In the morning of our days/' observes an elegant writer, 
** when the senses are unworn and tender, when the whole man is 
awake in every part, and the gloss of novelty fresh upon all the ob- 
jects that surround us, how lively at that time are our sensations !*' 
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soon as the genial heat of spring has loosened 
the earth, and slightly stimulated the vessels of 
the plant, its tender huds are gradusdly formed, 
and quicldj expand into full leaf. At Ms time, 
when the whole plant is covered with leaves, 
the piiDd{de of vitality is extremely energetic, 
and the eflfects produced by it chiefly arise from 
more extensive changes of the sap, in conse- 
quence of its being difiused through a larger 
surface of leaves spread out to the invigorating 
warmth of the sun^ The excess of vitality is 
not spent altogether in extending the growth 
and vigour of the tree, but in enriching it with 
flowers, preparatory to the evolution of fruit. 
From this cursory view of the respiratory or- 
gans of the vegetable, and df the changes which 
they efibct, it appears that its adaptations to 
promote chemical action are of the same na- 
tjire as those which belong to the animal world ; 
and still further, that t)ie production of the phe- 
nomena which succeed the operation of atmos- 
pheric air, is regulated by the same principles 
as that of those with which the Supreme Being 
has endowed his more distinguished creations. 
The rapidity with which the blood circulates 
through the lungs, and the frequent renewal 
of atmospheric air in infancy and childhood. 
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are invaxiably accompanied by certain general 
effects which axe readily traced to their imme- 
diate causes. 

The causes which produce the vigour and 
health of the animal system in infancy and 
childhood are evident to all : nor less apparent 
are those which are productive of similar ef- 
fects in vegetables. Man has only one period 
of infancy and childhood^ during which the 
various organs of his body are sufficiently de- 
veloped for the purposes of his being ; — but the 
vegetable displays every year in the renewal 
and fall of its verdure, the extremes of youth 
and age. In spring and summer the perennial 
plant is as young and blooming in appearance 
at the tenth year of its existence, as it was at 
the second, because certain peculiarities of or- 
ganization never fail to return at these seasons, 
such as an extended surface of leaves, and an 
increased circulation of sap, to which, and not to 
the influence of any mysterious cause, the ex- 
uberance of its vitality is principally to be 
ascribed. If the warm and reviving rays of 
spring are suddenly succeeded by cold bleak 
winds, the expansion of the few buds, which 
had been allured forth by the warmth of the 
atmosphere, is quickly repressed. Warmth 
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stimulates the capillary vessels of the leaves 
or plant to augmented action, under the invi- 
gorating influence of which — an influence 
communicated to every part of the vegetable 
system— r the root absorbs a greater proportion 
of moisture ; and as every particle of this mois- 
ture must be subjected to chemical changes in 
the leaves or analogous organs, before it ac- 
quires the properties of nutrition, it is obvious 
that the extent of these changes will depend 
entirely upon the surface of leaves exposed to 
the day, in the same way as the functions of 
organic life are influenced by the size or activity 
of the respiratory organs. Although many of 
the inferior aninjials do not possess lungs, yet, 
however low in the scale of being they are 
placed, they have instruments fitted to perform 
the same end, " The mode in which the 
breathing organs of the teredines are supplied 
with water, makes it evident that all sea- worms 
which have no cavity for the reception of sea- 
water, must have the breathing organs placed 
externally, as is the case with all those species 
of actinia met with in the West Indies, called 
animal flowers, and the beautiful membranous 
expansions they display, resembling the petals 
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of flowers, are in fact the breathing organs act- 
ing at the same time as ientacula.'' 

If warmth, by exerting on the plant the in- 
fluence already described, has a tendency to 
excite and invigorate its energies ; cold, by 
lessening the capacity of the capillary vessels, 
will depress and enfeeble those energies, and 
in proportion as this latter efiect is produced, 
the quantity of sap previously brought to the 
leaves, will be gradually diminished, whilst its 
properties will also be less stimulating ; in con- 
sequence of which, the absorbent powers of the 
root will be as directly affected, as the absorb- 
ent and excretory functions of the leaves. 
The analogies which exist between the animal 
and vegetable kingdoms, in respect to the ge- 
neral laws of nutrition, and the process of re- 
spiration, are so remarkable, that I have been 
induced to state them more fully than the na- 
ture of this physiological treatise may seem to 
demand. It appears that the differences which 
characterize the$e laws, are not to be referred 
to the general principles which tend to nourish 
and develope, or to chill and repress the ani- 
mal and vegetable in the several periods of 
their existence, and the various seasons of the 
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year, but to the nature of those iustrumients by 
which these ends are accomplished. Some of 
them are necessarily complex, from their con- 
nexion with important organs, or from the di- 
versities in the forms of the more perfectly 
constituted animal. 

These views, which show the comparative 
simplicity of many vital operations in both 
kingdoms, are more consistent with reason, and 
accordant with observation and experiment; 
than the brilliant, but imaginary hypotheses, 
which suppose a nervous fluid, or some similar 
power, to ex«rt a marvellous influence over 
the organic actions of the animal system, and 
to regulate those in the vegetable.* 

With how much satisfaction we sometimes 
imagine to exist what cannot be perceived, and 
talk learnedly about that, the very being of 
which cannot be proved ! When we attempt 
to form systems on suppositions, which are 

. * If the experiments which have been laid before the leader be 
correct, the sensorial functions constitute the animal, and the nenrous 
and muscular organic life. To this it may be objected, that plants, 
and tlie less perfect animals, honre no nenrous system. Would it not 
be more correct to say, that the operation of their nervous «gratem ia 
more confined ? Wherever secretion is performed, the nervous in- 
iiienee, or a power resembling it, must exist. — Philip on the Vital 
Functions, p. 216. 
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either altogether fanciful, or founded on im- 
perfect observations^ how unsubstantial and 
us.eless is the superstructure we erect upon 
them ! 

Future discoveries cannot diminish the value 
of original contributions to the stores of scien- 
tific knowledge, derived £rom investigations 
into the visible operations of the animal and 
vegetable systems — operations which the mind 
is capable of examining, and which alone fur- 
nish any safe ground for satisfactory inquiries. 
" When we go," observes Burke, *' but one 
step beyond the immediately sensible qualities 
of things, we go out of our depth. All we do 
after is but a faint struggle, that shows we are 
in an element which does not belong to us."* 

This mode of investigating the works of na- 
ture differs materially from that which has in 
all ages more or less been adopted by physio- 
logists, who have generally manifested a greater 
desire to discover the occult powers of life than 
to study them. Oxygen is essential to the 
existence of every thing that breathes or ve- 
getates, and is one of the great sources of vital 
energy. 

* Philosophical Inquiry into the origin of our ideas of the Sublime 
and Beautiful. Part IV., Sect. I. 
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I regard it as intimately blended with the 
different substances which the blood contains. 
It enters into or facilitates, by the affinities 
it creates, the various combinations of the san- . 
guineous fluid and all other fluids of the body ; 
and if we consider that the nutriment which 
the vegetable absorbs from the earth, and the 
food which we take, possess various chemical 
formations, it will not appear improbable, that 
the variety or perfection of them is, in a great 
measure, to be ascribed to the direct or indi- 
rect influence of oxygen, as it is the most 
general, active, and pervading principle in 
nature. From the preceding considerations 
we may conclude : — 

1. That the principles which regulate the nutritive process in ^he ^ 

aqjmal system are of t|e same'kincTliairiiose iCIj^e vegetable.* . »^ ^ 

2. Tbal^e exublnnce of natality ^VnJiP% and yotl^, and^its dc- . ^ %«. 
^W^ki^» iKold age, are the effects of the sarae physical causes, ' 



wnicn giv^oliage and blossoms to the plant in summer, and 
Vhich prevent the development of them in winter. 

^ The description which Virgil gives of the changes that occur 
in spring, in the animal and vegetable kingdoms, shews how much the 
genial influence of this season affects both. 

Vere tument terras, et genitalia semina poscunt. 
Tum pater omnipotens foecundis imbribus ^ther 
Conjugia in gremium laetie dcscendit et omnes 
Magnus alit, magno commistus corpore, foetus. 
Avia tum resonant avibus virgulta canoris ; 
£t venerem certis repetunt armenta dlebus. 
K 
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S. Th«t 4he meaiM which nature employs to effect theae Twious pur- 
poses differ only in degree. 

4. That the ascending sap in plants is simiUr to the chyle in animals, 

unfit for nourishment until it has been acted upon by atmosphe- 
ric air ; and that the descending sap, firom the nutritife proptftieB 
which it possessesy bears a striking resenibhmce to the arterial 
bloody the great source of vital actions. 

5. That the animal system cannot derive nourishment from any sub- 

stance, unless it passes through the lungs ; and still fiirther, that 
the extent and perfection of assimilation wiU, in a great measure, 
be regulated by the extent and perfection of the chemical 
changes which the blood undergoes in the respiratory oigans. 

6. It Is also manifest, that there are no organs of the body, except 

the lungs, which can, under any cvcumstances, produce chemical 
changes in the circulating fluid ; any more than the bare trunk 
is capable of effecting in the tree those similar changes, which in 
summer are produced by its numerous leaves. The lungs are, 
therefore, to be regarded as the only cause of animal heat and of 
those chemical changes which the blood undeigoes in passing 
from venous to arterial. 

^jLt^^wt/^'^ru Jsit^ /tli:" *^^^^ 
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Tii£ striking difference that exists between 
the circumstances in which the human em- 
bryo is placed, as well as the degree of deve- 
lopment it attains during the first few weeks 
after conception, and those of the completely 
organized foettis, are of sufficient importance 
to form an essential distinction between em- 
bryotic and- foetieil liffe. — The term embryo is 
employed here to designate a being yet so 
imperfectly constituted that few of its organs 
ar« formed, whereas, foetus is a denomination 
given t^ a being possessed of the principal 
organs which the animal exhibits when arrived 
at a state of maturity. — To a neglect of this 
distinction must be attributed the discrepant 
opinions which have, from time to time, been 
adopted to explain the nutrition of the foetus. 
Those, who endeavoured to shew that it is 
entirely supported by the maternal blood, found 
a difficulty in accounting for its nourishment 
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and growth during the time previous to a con- 
nexion being established between the uterus 
and the chorion ; others, who advanced a dif- 
ferent opinion, were inclined to think that the 
foetus is altogether indebted for its nutrition to 
the fluids in which it is immersed. In sup- 
port of the latter supposition it is stated, that 
these exist at a period when it cannot possibly 
have other means of sustenance. 

Our knowledge of the mode in which the 
human embryo is generated is very limited 
and imperfect, but the reasoning I shall em- 
ploy, in pointing out the different provisions 
which nature has furnished for the mainte- 
nance of embryotic and foetal life, requires no 
deep insight into the mysteries which envelope 
this subject. — When the embryo is observed 
about the third week "il est alors," as Adelon 
remarks, " oblong, vermiforme, renfle a son 
milieu, obtus a Tune de ses extremites, ter- 
mine en pointe mousse a I'autre, droit ou fai- 
blement courbe en avant. — II n'est alors qu* 
un petit corps gelatineux, d un blanc grisatre, 
demi-opaque, sans consistance, long de deux 
a trois lignes, et du poids de deux a trois 
grains. — II est reduit au torse ; il n'y a pas 
encore en lui trace dela tete, on voit seulement 
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en avant une petite saillie separee du reste 
par une entaille."* 

- The ovum which is found in the uterus im- 
mediately after impregnation, possesses within 
itself not only the principles of vitality, hut 
fluids which are appropriated to the purposes 
of organization. The way in which these are 
modified, so as to assume a determinate form, is 
one of the secrets of nature, with which we axe, 
and prohahly shall ever be unacquainted, but it 
cannot be denied that the diversified forms they 
assume are the result of vital operations. A 
vascular connexion, at this time, mth the 
uterus, would be of no service to the embryo, 
because there are no internal organs suffi- 
ciently developed to receive and distribute the 
blood, until the rudiments of a circulatory 
system exist ; the sanguineous or any other 
fliuid which might be derived from the uterus 
could not be applied to the formation of the 
embryo, but the warmth and moisture which 
the uterus possesses are perhaps as essential to 
its growth as the warmth communicated to the 
egg during incubation. When the vital ac- 
tions have proceeded so far in the organization 
of the foetus, as to create, although imperfectly, 

♦ Phyisologie del 'Homme par Adblon. Vol. IV. p. 343. 



70 THE NATURE OF 

the heart, the vena porta and the aorta, the 
umbilical cord may be distinctly perceived, 
and it very soon establishes a connexion be- 
tween the chorion and the uterus.* When 
this union is fully established the embryotic is 
changed into foetal life, and the latter is ex^ 
clusively nourished by the arterial blood of the 
mother. 

A succession of phenomena of the same 
kind occurs during the incubation of the egg; 
In this case, as in the preceding, the embryo is 
the production of similar causes, appropriating 
to the purposes of organization the nutritious 
matter immediately surrounding tiiat part of 
the yolk-bag called tJie nidus pulli;\ but as 
soon as the most important abdominal organs 
are visiblJs> a vascular membrane, chorion, be- 
gins to &rm about the navels and increases in 
a, few days to such an extent, that it covevs 
nearly the whole inner suiifkce of the shell; 
within the nmnhrcma albuminis during the 
latt^ period of incubation. This organic con- 
tmvance is of no use until the embryo is suffi- 
ciently formed to receive the blood whicb it 
aerates. 

* Adelon, Physiologic del 'Homme, vol. IV. p. 345. 

f Bi^umen^ach's Manual, trans, by Lawrence, p. 37il — 2. 
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From these observations, it is evident, that 
it is necessary to make a distinction between 
embryotic and foetal life, in accordance with 
the meaning which has been attributed to 
these terms, and from the principles which 
have been developed in the preceding chapter 
we are now prepared to enter upon the inves- 
tigation of the latter. I have endeavoured to 
shew, that whatever is received by the animal 
and vegetable, cannot be considered as nutri- 
tious until it has undergone certain modifica- 
tions in the lungs, leaves, or analagous organs. 
This fact is highly important. The light 
which it throws on the present subject will 
enable us to detect the fallacy of a variety of 
apinions in regard to the principles which re- 
gulate fcBtal nutrition. 

If the foregoing remarks be correct, it cannot 
be denied that there are two great classes of 
organs continually employed in maintaining 
animal existence, which have no other imme- 
diate office. — The first class includes those 
organs which are incessantly labouring to 
support the body, as the stomach, the Uver, 
the pancreas, and the lungs. — The second, 
the whole of the excretory organs which 
contribute indirectly towards the proper action 
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of the former. The first may be regarded as 
causes, the latter as effects. 

As the number of those organs which pro- 
duce chyle is increased according to the ascend- 
ing gradation of animal life, or as their various 
actions are accelerated, the number or activity 
of those which remove from the system excre- 
mentitious matters is proportionably aug- 
. mented. If a quantity of food be taken, 
greater than what is usual, the excretions of 
the kidneys, intestines, skin, or lungs, or pro- 
bably the whole of them, are increased in de- 
gree equal to the activity of the primary organs. 
The object of these organs is either directly or 
indirectly to form chyk or rather arterial blood. 
If this fluid were received from without the 
system, it is evident thxit the lungs, the liver, the 
stomach, and the pancreas, and indeed all those or- 
gans which promote the elaboration ofjbodj would 
be entirely superfluous, and that there would be no 
occasion whatever, for the brain or spinal cord as 
connected with the function of respiration. The 
excretions would in this case still continue, 
but would be considerably less in quantity. 
This mode of viewing the subject enables 
us, at a glance, to discern the real character of 
the various functions of organic and animal 
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life^ as also, to form a correct idea of their re- 
lative importance. Foetal existence is fre- 
quently likened to that of a vegetable, but 
there is no analogy whatever between them. 
The vegetable, from the activity of its own 
functions, selects and absorbs appropriate food ; 
but the foetus is not at all employed in pro- 
viding for its own wants. What is essential 
to its support is prepared by another. The 
opinion that the foetus is nourished by means 
of the amniotic fluid received by the mouth, 
would unavoidably lead us into great absurdities. 
Supposing it to be supplied with this fluid 
in the manner stated, certain efiects evidently 
arising from the changes it undergoes ought 
to be apparent in the stomach. It has been 
already shown how fluids become nutritious. 
In investigating the subject, we found that 
several organs were essential to form chyle. 
It was also remarked, that whenever it is pro- 
duced by the primary organs, those which be- 
long to the extensive class of excretions are, 
also, necessarily active. If the former contri- 
bute an abundant supply of nutriment, the 
latter will be ""required to exert themselves to 
an equal extent in removing all excrementi- 
tious matter. It is absurd to suppose that 
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anyUiitig, received by the stomach, can, with- 
out undergoing the usual modifications of food 
inthisoi^an, be implied immediately to the sup- 
port of the system. It has been observed, thatthe 
ascending sap, until it has passed through cer- 
tain important changes in the respiratory 
organs of the plant, is not adapted to supply 
its wants. It has also been shown, that what- 
ever supports the animal system necessarily 
undergoes a similar process in the lungs before 
it becomes nutritious, and that this process is 
always accompanied by a variety of excretions 
commensurate in quantity with the action of those 
organs that produce chyh. It is therefore 
evident, that the foetus is not nourished by the 
amniotic fluid : if it were, the liver, the pan- 
creas, and the stomach would be almost as 
vigorously exercised, as they are immediately 
after birth, when the intestines, kidnies, lungs, 
and skin, most sictively perform their several 
offices. The foetus cannot possibly breathe by 
the mouth, neither does it evacuate foecal mat- 
ter to permit successive accumulations of it in 
the bowels, which are not burdened by any 
excrementitious matter. 

If we even allow that the amnios, from its 
great purity, does not require to be consi- 



FGETAL LIFE. 75 

derably changed in order to be converted 
into chyle, it is nevertiheless troe, that the 
modifications it undergoes, however slight 
they may be^ would, during the period of 
icBtal life, create an abundance of the dif- 
ferent excretions. The Meconium which 
is found in the intestines does not possess 
the peculiar qualities of alvine evacuations. 
That the amnios serves the purposes of 
nutrition, is an idea that cannot for a 
moment be entertained, when we consider the 
changes to which chyle must, according to the 
statements already made, be necessarily expos- 
ed in the lungs before it can acquire the pro- 
perties of aliment. From the principles pre- 
viously stated, it appeaiis unreasonable to sup- 
pose, that assimilating operations are continu- 
ally going on^ unless it be also allowed, that 
they are invariably accompanied by a propor- 
tionate exercise of the excretory organs. 

It is the general opinion of physiologists 
and anatomists, that the thoracic duct of the 
foetus does not contain chyle. " Some persons," 
observes Maoendie, '^ say they have seen chyle 
in the thoracic duct of the foetus; I have 
never seen anything of the kind; in living 
animals, this canal and the lymphatics con- 
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tain a fluid analogous to lymph, and wbich, 
like it, coagulates spontaneously."* The veins 
are then the only channels through which the 
nutriment derived from the amnios can h6 
conveyed to the heart and lungs ; but, if it 
were even admitted, that a small quantity, or 
the whole of it passes through the thoracic duct, 
the subject would still be involved in the same 
d^culties. The qualities of the blood, as it 
circidates through the thoracic organs of the 
foetus do not undergo any alteration whatever ; 
and therefore, if a fluid, crude and unelaborat- 
ed, were continually combining with it, the 
vital properties of the blood would be rather 
injured than improved. This mode of reason- 
ing proves also the incorrectness of the opinioJn 
which is held by some physiologists, that the 
foetus receives venous blood only from the 
mother. If the amnios^ from its great purity, 
be considered as peculiarly fitted for the func- 
tion of assimilation, this supposition doesi not, 
as before remarked, increase the probability of 
its contributing to this process ; but we shall 
now endeavour to examine the grounds for 
believing that it is, in any degree, adapted to 
answer such a purpose. 

* Mag£ndie*s Physiology, transl. by Dr. Milligan. 
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The amnios is said to be secreted by the 
membranes which contain it, and is conse- 
quently derived from the blood. Two ext^oi- 
sive classes of sabstances, differing very much 
in nature/ are formed from this fluid. The 
bile, the pancreatic and gastric juices, belong 
to this class. These produce important changes 
in the food ; but unless it be supplied, they 
cannot create chyle, which is the only source 
of animal nourishment. JTie excretions of the 
kidnieSf skin, and lungs, constitute the other class. 
The animal economy does not af&rd one ex- 
ample of the blood secreting what is nutritious 
for the purpose of being again absorbed and 
appropriated to the support of the system. 
The arterial blood possesses what is requisite 
to satisfy the wants of the body, and diis is 
directly communicated to oi^ans, whose office 
it is to maintain the powers of life ; its nutri- 
tious properties are not poured into a bag^like 
receptacle to be received by vessels and again 
mixed with the contents of the stomach and 
intestines. 

Towards the close of foetal existence the amnios 
becomes thick or loses its transparency, and also 
frequently emits the odour of urine. Does it seem 
probable that this fluid is intended to'nourish 
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the foetus ? Is there any similitude whatever 
between it and the bland secretion of the 
breasts ? The amnios, in certain cases^ conti- 
nues to escape fer vagirmm for several weeks 
previous to tiie full period of parturition, and 
yet the foetus, during the whole of this time, is 
well nourished. It is stated by some, that the 
mouth of the foetus is generally open, which 
would seem, as they imagine, to strengthen the 
opinion that it is entirely supported by the 
amnios ; but, if the fact of the mouth being 
open proves that this fluid is r^ularly trans- 
mitted to the foetus, what is the cause, since it 
has ibis favourable opportunity of flowing in a 
continuous stream, that the stomach and intes- 
tines are not filled with it ? The fluid, how- 
ever, which these viscera do contain, is small in 
its quantity, and perfectly m generis. There is, 
moreover, another objection to the preceding 
opinion, arising from the fact that a person 
destitute of sensorial sensibility (andthefoetns 
has none,) cannot exercise the function of de- 
glutition. If he is in a state of torpor either 
from intoxication, or any other cause, he has 
not power to swallow anything whatever^ The 
nutrition of the foetus cannot certainly be in- 
fluenced by impressions communicated to the 
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brain, because, in it, this organ is insensible to 
them« Motion is displayed by the foetus, 
which might lead the hasty obse|yer to sup- 
pose that it demonstrates Ae sensibility of the 
brain ; but this phenomenon is as strongly ma- 
nifested when the brain is wanting, or defec- 
tive, as when it isquite perfect.* If hunger were 
felt by the foetus, it would most probably cause 
an action in the oi^ans of deglutition ; but as 
the desire of food is a sensation of the mind, 
and indicates, like the faculty of reflection or 
attention, a wakeM state of the sensorium» It 
cannot with propiiety be said to exist at this 
time, lliis sensation is principally occasioned 
by an expenditure of corporeal energies, or the 
absence of aliment from the stomach. The 
foetus is not subject to any waste of its powras 
* similar to that which takes place in adults, and 
therefore cannot have periodical desires. It is 
almost unnecessary to make any further re- 
marks on the evident fallacy of opinions found- 
ed on the supposed nutritious properties of the 
amnios. 

An apology would be due to the reader, ^^ 
having occupied so much of his time, were it 

* Magbndis*s Physiology, transl.by Dr. Milligak, page 195. 
Edit. 11. 
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not that the views I have examined are still 
maintained by physiologists of eminence. 
Geofproy Saint Hilaire^ to whose doctrine 
I have before alluded, entertains a very peculiar 
opinion on this subject — ^an opinion even more 
chimerical and untenable than any which I 
have already considered. He supposes the 
amnios to contain a respirable gas, which is 
constantly absorbed by veins in contact with 
the fluid. He seenis to ims^ine;that the only 
substance which the foetus requires for .the 
development of its numerous organs is oxygen. 
The capillaries of the skin, according to his 
fanciful hypothesis, are filled with venom blood, 
which, from its favourable situation, readily 
absorbs oxygen from the amnios and becomes 
arterial. If the adult toerepossesied of an arterial 
and venous system^ hut deprived of the contribu- 
tions of the digestive organs, would the exercise 
of the respiratpry function increase or maintain 
the muscular powers of the body, cause a deposi- 
tion offai, and produce the various actions of the 
animal economy ? Such an idea would lead 
one to suppose that the only di&rence between 
arterial and venous blood is in the former con- 
taining oxygen. The following observations 
by Legallois bear directly on this subject. 
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and their correctness can scarcely be called in 
question : — '^ Que cette combinaison des sangs 
veineux entre eux, et avec le cliyle et la 
Ijmphe^ ne pennet pas d'admettre, avec 
quelques phjsiologistes, que le chyle est de- 
pose dans k parenchyme pulmonaire, repris 
par les lymphatiques et reporte au coeur, puis 
rapport^^ depose et repis de nouveau dans 
les poumons jusqu'a ce qu'il ait subi une ela- 
boration complete, tant dans ces irisc^res que 
dans les glandes bronchiques ; que cette 
m^e combinaison des sangs veineux et des 
sues cbyleux et lymphatiques est une des con- 
ditions^ une des eirconstances necessaires a la 
reproduction du sang arteriel, qui re9oit en- 
suite dans les poumoi^s sa derni^re fa^on, si je 
puis m'exprimer ainsi^ CTest cette combinaison 
qui determine les proportions des principes de 
ce sang."* 

The variouii organic contrivances to secure 
the influence ol* oxygen on the circulating 
fluids^ in the loweist gradations of animal life, 
show the importance of this principle ; and the 
more extend^ve and accurate our knowledge 
becomes ecmceaming it> the less prone we shall 
be to attribute to nerves galvanic or other pe- 

# CEjuvres de Legallois, Vol. II., p. i05. - 
M 
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cuUax properties as the efficient agents in all 
organic actions. Oxygen, although possessed 
of extraordinary powers, is to be considered, 
not as directly, but as indirectly promoting 
nutrition. It produces those changes which 
are essential to life, in whatever supports the 
animal and vegetable system. We shall err 
as much in supposing it to be the only valu- 
able agent in the economy of nature, as in be- 
lieving it to be of secondary importance. The 
venous blood of the adult is not nourishing 
merely in consequence of its becoming oxygen- 
ated, but also of its continually acquiring chyle, 
and undergoing certain modifications in the 
lungs« To reason otherwise, argues an imper- 
fect acquaintance with the laws that regulate 
the operations of animal and vegetable life. 
That the amniotic fluid contains a respirable 
gas, is a fact proved, according to the state- 
ment of Geopfroy Saint Hilaire, by ex- 
periments Is it not more than probable, that 
analytical processes to ascertain the exact 
composition of a fluid, discover not only what 
it possesses in its natural condition, but like- 
wise disengage gases that were previously in 
combination with its different chemical prin- 
ciples? If it were even allowed, tiiat the 
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amnios contains a respirable gas, insuperable 
difficulties are connected with its production 
and mode of action. It is ims^ined to be 
taken up by the pores of the skin, which act 
like so many tracheas. If these have mffh- 
dent emrgy to absorb, the skin mtist also be 
able to secrete: the ttoo functions must coexist. 
What becomes of the secretions ? As they are 
necessarily poured into the amniotic membrane, 
they must contintie to accumulate from the com- 
mencement of foetal life to its completion; and 
therefore, it is improbable to suppose, that a pure 
oxygenating principle could exert any influence 
under such circumstances. 

We now come to the consideration of an 
opinion almost universally held by physiolo- 
gists, that the placenta is capable of oxygen- 
ating the blood it receives. " We find," says 
Dr. BosTOCK, " that the blood which is sent 
from the foetus, along the umbilical cord, to 
the placenta, in the venous state, is returned 
in the arterial state ; so that we are justified 
in concluding, that this organ supplies the 
place of the lungs, or produces the chemical 
changes in the blood, which fit it for the sup- 
port of life/'* Harvey, Mayow, and many 

♦ Elementary System of Physiology, Vol. IL, p. 201. 
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other distinguished physiologists, entertained 
a similar idea concerning the office of the pla-. 
centa. 

'' Hie foetal blood," says Sir E. Home, " is 
close enough to that in the vessels of the ute- 
rus, to have the air in the maternal blood com- 
municated to it From the series of facts which 
have been detailed, it appears that oxygen is 
essaoitially necessary for the action of the vivi- 
fying principle in all classes of ft.niTna.k ; and 
that it is not simply apptied to the blood, but 
mixed with that fluid while circulating in the 
arteries."* The whole investigation resolves 
itself into an; inquiry concerning the analogy 
existing between the lungs and the placenta. 
It has already been shown, that the lungs of 
animals, and the leaves of trees, answer similar 
purposes. Nutritious matter, the product of 
other organs, is conveyed to both, in order that 
they may undergo eertain chemical changes. 
TTiem are produced by atmospheric air, and by 
the ejection of what is excrementitious. We have 
not the least evidence, that actions of this kind 
can ever take place, unless the organs which 
effect them, have the same relations to the ex- 
ternal world, as the lungs of animals, or the 

* Phil. Trans., 1810, p, 216. 
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leaves of plants. W^e mi^t as reasonably ex- 
pect, that the kidneys would, under peculnr 
circumstances, secrete bile, and the liver urine, 
as that blood can be oxygenated without pos- 
sessing its ordinary organic conditions, llie 
placenta does not exhibit one single property 
which can justify the physiologist in com- 
paring it witih the lungs. Its texture is widely 
different, and its situation and relations are as 
dissimilar, as it is possible for those of any two 
organs to be. Is an extraordinary galvanic or 
nervous influence connected with the placenta, 
and exercised in a mysterious manner during 
gestation ? Unless we believe in the existence 
of such an influence, it is absurd to suppose 
that the placenta is capable of aerating the 
sanguineous fluid. It may be stated, as a 
universal law, that whenever venous becomes 
arterial blood, aw is received directly Jrom 
without, and whatever is excrementitious is ex- 
pelled directly from within. If venous blood 
be placed in a bladder, it becomes florid in ap- 
pearance. In this case, oxygen disappears, 
and carbonic acid is formed. But how can 
the placenta improve the qualities of blood, 
without oxygen, and the concurrence of those 
organic adaptations which characterize the re- 
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spiratory organs throughout the animal and 
vegetable kingdoms ! Can the blood act upon 
itself and cause such an effect? If the pla- 
centa oxygenate the blood, whence does it de- 
rive the necessary power, and how does it 
remove the excrementitious product? If it 
be acquired from the arterial fluid circulating 
in the uterus, whence does it derive the 
properties of nutrition ? TThe observation of 
Sir E^ Home seems to imply, that air only is 
received from the mother. "The foetal blood," 
he says, " is close enough to that in the vessels 
of the uterus, to have the air communicated 
to it," . It has been remarked, in the pre- 
ceding pages, that venous does not become 
arterial blood, merely from the influence of 
oxygen^ but from its qualities being continu- 
ally renewed by chyle, 

A new h3^thesis has lately been formed 
by Dr. Lee, to explain the nutrition of the 
foetus. He endeavours to prove, that the liver 
of the foDtus secretes an albuminous fluid, 
which is absorbed by the smaller intestines, 
and contributes to the support of the system. 
" The stomach of the foetus," he observes, " I 
usually found, in these cases, distended mth a 
semi-transparent, ropy, mucous, and occasion- 
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ally acescent fluid, without any sensible ad- 
mixture of albuminous, or other apparently 
nutritious matter. In the duodenum, and part 
of the remaining portion of the small intes- 
tines, there was uniformly present, adhering 
closely to the mucouis membrane, a semi-fluid 
matter, found, upon examination, to possess 
properties decidedly of an albuminous cha- 
racter, and to have an orange or pink colour. 
This matter has always been found in great- 
est abundance around the papillary projec- 
tion, through which the common duct of the 
liver opens into the duodenum. My attention 
was next directed to discover the source of this 
albuminous matter in the intestines, which, I 
conceived, could only be derived from the pan- 
creas, the liver, or the duodenum itself. With 
respect to the pancreas, that organ remains so 
small, during the whole of the foetal state, that 
it would appear incapable of forming so lai^e 
a quantity of matter as exists in the intestinal 
canal. On the other hand, the duodenum 
presents still greater difficulties to the solution 
of this question ; for it seems improbable that 
this portion of the alimentary canal can per- 
form simultaneously the office of secreting and 
absorbing the same matter ; to say nothing of 
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the anomaly which, in this case, would take 
place,, of a miicwis membrane forming albu- 
men. FroiEEi having observed, in everj in- 
stamce, tbe same orange^coloured fluid, in the 
smadl iiitestiiies, collected in great abundance 
near the orifice of the ductus communis cho- 
ledichus, and takimg into consideration the 
magnitude of the foetal liver, and the large 
supply of blood which it receives from the um- 
bilical vein^ it appeared to me reasonable to 
infer that this viscus must be the source of the 
matter in question/'^ In examining impar- 
tially the merits of this hypothesis, we shall 
find it as unphilosophicai and untenable, as 
those opinions which have hitherto been en- 
tertained on the same subject. 1st. In re- 
garding the liver ais an organ secretii^ the 
albumen, I>r. TiRK? does not appear to take into 
consideration the absur(£ty of attributing to an 
organ, two such opposite functions, as the se« 
cretion of albumen one moment before birth, 
and of bile the next moment. Hie peculiar 
secretion of an organ is not r^ulated by the 
quantity of blood it receives, but by its strue* 
ture. Every organ, throughout the animal 
economy, has an independent and exclusive 

* Rifl. Trans., Part L, 1829. 
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function. The difference between the proper- 
ties of albumen and those of bile, is as great 
as between any two secretions of the body ; 
and to say that the liver can secrete both, is as 
absurd as to assert that ther^ i& no necessary 
connexion between the quality of a fluid, and 
the structure of an oi^an which determines 
the nature of it. 

2dly, It is allowed by the first authorities in 
phyisiology, that the umbilical vein carries to 
the foetus arterial blood : the silence of Dr. 
Lee on this point, and the importance which 
he attaches to the blood circulating in the liver, 
lead one to infer that he entertains the same 
opinion. If the blood received from the uterus 
is arterial, what occasion is there for its being 
converted into albumen, in order to nourish 
the foetus ? It might just as reasonably be 
supposed that the arterial blood of the adult, 
produced by digestion and oxygenation, cannot 
contribute to the nutrition of the body until it 
has been converted into albumen. If arterial 
blood, possessed of its ordinary properties, be 
communicated to the foetus, it requires no fur- 
ther change to render it fit for the purposes of 
nutrition ; if it be venous blood which is re- 
ceived, we have no evidence at all, that the 

N 
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system ever is or can be supported by it, and 
stiU less that aa orgjaxt funoished with it can 
seearete albumen. As aHmmem exists in the 
blo€>d^ it iroiild appear^ if the ideas of Dr. LfiE 
were correct^ that natorb is dot very consisteiLt 
in her operation^, whole %he, at one mMmietd, 
draws from the blood nutritious properties, 
and, at another, absorbs them to convey them 
into the i^une fluids 

3dlyj If the liveir secrete sdbumen, its pre-* 
sence, it may be further obs^rved^ ought to be 
indicated by the same general appearances that 
prove the secretion of bile ; of the existence 
of tiie latter we have the strongest evidence. 
The gall-bladder and ducts contain, at all 
tinies, a considerable quantity of it ; but^ dur-* 
ibg foetal existence, the gall-bladder is so far 
from being filled with albumen^ or exhibiting 
the least appeai:ance of it^ that it contains bile ; 
and instead of the hepatic and common ducts 
matiifestiiig unequivocal traces of it^ '' in ge^ 
neral," Dr. Le£ says, '' the hepatic and com- 
mon ducts of the liver have been found empty, 
or have contained too minute a quantity of 
fluid to be collected for chemical investigaticm ; 
but in the two instances above mentioned^ it 
eitisted in unusual abundance, and was pressed 
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out upon a plate of glass without mixiug with 
the bile of the gall-bladder." Dr. Lee ex- 
amined above twenty foetuses, ajid yet, in two 
only y found a mfficient quantity to he pressed out 
upon a piece of glom I 

4AAj, If the liver be an organ which secretes 
albumen for the support of the foetus, how, I 
would further ask, is its nutrition to be ex- 
plained in those cases of malconformation, in 
which the oi^an is entirely wanting ? Many 
instances of this Mnd are on record. Mr. 
Bkodie relates a case, in which no liver could 
be found ;* others are mentioned by M. MERY,f 
Dr. Le Cat,j: and Dr. Clark.§ 

« Load. Pba. Tjrans., Vvi L| 1S09. 

f Histoire de I'Acadeioie Royale des Sciences^ 1720. 

X Ibid, 174a 

^ LoDd. Pliil. Tnms., 179S. 



CHAP. IV. 

THE FUNCTION OF THE PLACENTA. 

It is not my intention, in this place, to discuss 
at length the nature of the connexion existing 
between the mother and foetus. TThe experi- 
ments which I have performed to ascertain 
this point, will be given in an Appendix. From 
the way in which I have conducted my inves- 
tigations in this physiological inquiry, it is quite 
clear, whether the connexion between the ute- 
rine and umbilical vessels be regarded as direct 
or indirect, that the correctness of the princi- 
ples proposed to explain foetal nutrition, is 
not involved in the determination of this ques- 
tion.* Whatever opinion be adopted, the 

* By the term direct is to be understood that the uterine termi- 
nate in the umbilical vessels ; by indirect, that the blood, which ia 
returned from the foetus to the placenta, or transmitted to it from the 
uterus, does not flow to and from this organ by means of continuous 
vessels. The following passage from Adelon presents a concise 
and excellent view of the various opinions entertained on this subject :— - 

<< Mais il se preesente ici deux questions : de quelle nature est la 
communication de Tuterus avec le placenta ? et quelle matiere nutri- 
tive le premier de ces organes foumit-il au second ? 

*' Relativement a la premiere de ces questions, plusieurs physiolo- 
gistes anciens ont cru a une communication directe entre les vaisseaux 
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truth of the subjoined conclusions can scarcely 
be doubted : — 

de Tutenis et ceux du placenta, et par consequent ont dit que k cir- 
culation du fcBtus etait nne continuation de celle de la mere. Leurs 
arguments etaient : 1 ° qu apres Taccouchenient, il se fait toujours un 
ecoulement de sang plus ou inoins abondant par la vulve ; 2^ que 
sou vent alors, le tang continue de couler indefiniment par le cordon ; 
3^ que dans des femmes enceintes, mortes d'h^morrhagie, on a trou?6 
lis fcetus touUa-fait exsangue ; 4^ qu on a inject6 egalement les vaisseaux 
du fcetus par ceux de Tuterus, et les vaisseau de Tutenis par ceux du 
fcetus ; 5^ enfin, qu'on a yu vivre et se developper des fcetus qui n'a?aient 
pas de cceur, et chez lesquels consequemment la circulation n a?ait pu se 
fiure que par Tinfluence du coeur de la mere. Outre qu il n'est auoun 
de ces arguments qu'on ne puisse refuter, il en est d'autres plus puissants 
qui prouyent in?inciblement que la communication entre le placenta et 
I'uterus n'est pas directe. 1° L'bemorrliagie, qui se fait par I'uterus 
et hi cordon apres Tacooucbement, prouve bien la communication des 
vaisseaux de la mere avec le placenta^mais non que cette communication 
soit directe. ^ II est faux que quand la mere meurt d'hemorrhagie, on 
trouve le fcetus exsangue ; le plus souvent le contraire a lieu, et Wris" 
herg Ta constate par des experiences directes. S^ Les injections dont 
on argue, repetees par les anatomistes de nos jours, ont present^ des 
resultats opposes, et par consequent ont conduit a une conclusion 
contraire. Si, par exemple, on injecte les arteres uterines, la matiere 
p^n^tre dans les vemes du meme nom, apres s'^re 6panchee dans les 
lobes du placenta^ mais sans jamais panrenir dans les vaisseaux ombili- 
caux du placenta. II en est de meme, si on injecte les veines uteri- 
nes ; et, en ce cas, I'epanchement dans le parenchyme du placenta 
uteiin est plus abondant. Si, au contraire, on injecte les arteres ou 
la veine ombilicale, la matiere passe des uns de ces vaisseaux dans les 
autres> s epanche dans le parenchyme du placenta, mais ne peuetre pas 
dans les vaisseaux uterins. A la veriie, une ou deux fois, Chaussier 
avec du mercure> BSdard avec de la matiere grasse, ont injecte par 
la veine ombilicale, nou-seulement toute la masse du placenta^ mais 
encore le tissu de Tuterus et lelb veines uterines : mais ces anatomistes 
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1st, The fcrtus daiiv^s ite blood exclusively 
from the mother. 

3dly, The placenta is a» organ incapable of 
producing chemical changes in the blood. 

ofieraienl 6ur de« feipraes ramtes peodani leur gnoBaesse ; on sail 
qu'ailora lea orjfieea dea ^vdnes «*eriiwa « la aiuiace de cet oi^|ane aosi 
beanta at foft groa ; at il aat fioeaible deeonoeteir eomamOt h nuiftite 
injeetea, an veo«Mt aouidre a kaurfiice du piaoenTa, a py pfeplteaf daoa 
oas vaiaaeaox. En decri?aiit k phoenta, noua avona aiwonc^ la non* 
eomiDunio^ion diieete da eaa Taisaeaux uierinea at xwibilioaux. 4^ La 
penqstance de la tie, et la ^ontinu^on du ^eveloppemeni; dans ka 
ftsUia SODS Geeor, ne prouTent nen ; car la ooBtraetfon dea Taiasaanx 
aura auffi poor la oiraubitkm. 5^ Enfin, Toid dea fiuta pQfiiti& qui 
prou?eiit qae la eommuniealion n'eat paa dkeete. II n'y a md iaoch* 
ronimoe jsatn le poula du foKtua el eelui de la m^ ; M* af^ Kerga^ 
radeCy en appliquaot le stethoeoop^ i Pabdoncn d'une ienme eneefnte^ 
eat paivenu a diatingaer lea foatteoents du ceor du £oBtua, et oea iiat- 
lemeota etaaeot plua nombreux du dpubk que eeux dn owur de la 
n^e. On a dea ekempiea de ibotoa qi|i aont n6a, i'cMf etant leat^ 
intact, aea aiembianea externea n'v^ant pai^ ^e deeUreea^ et bien qua 
ie fo0tns felt alova priv^ de MSfttratien, eependant afi dvetrfttioo » con^ 
tMMie pendant neuf minutes, dtt Wruierg^ pendant on quart^lKun, 
dit Osiamier* Bnfin, dans des eaf oik un cafint naisaant aiait peina 
i reaptter et ^tait en danger de p^fir, on a entretemi la vie du pbeanta, 
en le tenant dans de I'eau ohaude a trente-deux degree, et pfu-aukeon 
a fittt continuer la oirpulation du sang. II est dene eaitain que I'lile- 
fus elle placenta, quoiqtie en eommunieation a leur point de oDotaat* 
ferment deux organiamea s^paies; il se fiut U une douUa penpisatistt 
et une double absorption ; e'eat-a-dire que i'uterus pempire, a aa sur* 
kiOB ou dans le parenobyMe du j^enta utertn, une omti^ que lea 
raisseaux ouMioaux du placenta ftetal absoibent ; et que semblable* 
ment les arteres onbilicales du placenta ibtal perspirent une matiere 
qu'absorbent les veines uterines du placenta uterin."..^PhyBioiogie de 
rhomme, Vol. IV., p. S94f. 
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Miy, The foetus has not in activity any or- 
gans that can in the least oxygenate the blood 
it receives. 

4thly^ Venous blood cannot support organic 
life. 

Dr. Williams, of Liverpool, a talented 
physiologist, infers, from experiments which he 
has performed to ascertain the exact relations 
between the uterus and the foetus, that the con- 
nexion between them is formed by means of 
inosculating vessels^ ^nd consequently is direct ; 
but I am disposed to think, if this were the 
nature of the union, that the wisdom mani* 
fested in the construction of the placenta would 
be less evident than will appear from the fol- 
lowing views. 

The arguments which Harvey advances, 
founded on anatomical facts, are unfavourable 
to a direct connexion : — " FabriciuS," he says, 
'^ageus deunione camosse hujus substantiae cum 
utero, pluribus quidem rationibus (sed invali- 
dis) contenditi vasa umbilicalia, cum uterinis, 
plurimis osculis conjungi ; idque potissimiim 
ab eo factum est ut antiquum dogma ab om- 
nibus ferfe receptum tueretur : fatetur enim se 
nihil certi super hac te afBrmare posse, qudd 
carnea moles rem ipsam peryncere ac judicare 
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vetel. Veruntamen nee ratio, neque sensus 
suadent; dari magis anastomoses in utero, 
qu^m in hepate, inter ramos Portae, et cavae ; 
aut in mammis, inter vasa, quae sanguinem, et 
ea quae lac deferunt. Est quidem alicubi va- 
sorum juxtapositio contigua, et interdum unius 
in alterius tunicam ingressus ; nuspiam autem 
perfectus coalitus sive unio, qualem Fabricius 
imaginatur. Aliter enim si foret, deberent et 
venae pariter cum arteriis conjungi : vasa enim, 
sanguinem a matre in uterum et carunculas 
deferentia, sunt arteriae ; quae autem ab utero 
in foetum remeant, venae sunt, uti omnibus 
palam est ; sanguinem enim djeducunt e pla- 
centa in venam cavam. 

" Verior itaque mihi videtur Arantii senten- 
tia; oscula nempe venarum umbilicalium, 
cum vasorum uteri orificiis minimi conjungi. 
Minor enim numerus est vasorum deferen- 
tium ad uterum, quam venarum regerentium 
ad foetum ; plurimaeque harum propagines in 
Chorio terminantur. Fabricius tamen Vete- 
rum sententiam, vel eorum reverentia ductus, 
vel erga Arantium invidii, mordicus defendere 
nimisquam satagit"* 

M. M. Prevost and Dumas, celebrated 

* De uteri membranis et humoribus. 
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for their microscopical observations, maintain 
that the red globules in the blood of the foetus 
differ in form and volume from those of the 
adult. If the difference were unequivocally 
proved, it would considerably modify our ideas 
concerning the functions of the placenta and 
the kind of connexion existing between the 
uterine and umbilical vessels. However high 
an opinion we may entertain of the candour 
and talents of those engaged in microscopical 
investigations, it cannot be considered disin- 
genuous to doubt the correctness of results 
furnished by such means, since there is scarce- 
ly an object that has been examined by the 
microscope, although many times larger than 
a globule of blood, which has not been vari- 
ously described by different persons. 

If we advert, for example, to the opinions 
which have been formed concerning the size 
and appearance of globules of blood, there 
is the greatest discrepancy. "They have 
been compared to a globe, to a bladder with a 
pea in it, to a piece of money, to a drum, to a 
candlestick, to a hexaedron, and I know not 
what else. The globules are the staple com- 
modity, the fersB naiurse of physiological ad- 
vertisers."* 

♦Notes to Maoendie's Physiol., by Milligan, p. 574, Ed. 2d. 

O 
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According to the opbion of Dr. Young, a 
globule '^f^holm mch in diameter; of Baugr, 
i^; of Pre vosTajad Dumas gffiBth. Wheathe 
attention of physiologists was generaUj di- 
rected to the examination of the ammalcuias in 
the semen, each observer was contiauallj dis- 
covering something new and extraordinary. 
One could distinctly |)erceive the unmakube 
jnarcjiing in a troop wagging their tails ; an- 
other could distinguish their sexes, and a third 
clearly saw one hxesk the membranes winch 
enveloped it and <!ome out a perfect human 
being ! 

These obsearvations were made on objects so 
minute that mankind generally were unable, 
even with the i^ame magnifying powers, to 
discern them, much less to give a particular 
description of their various parts. It has fre- 
quently been remarked by those, who suppose 
the placenta prepares a nutritious kind of 
food, that the maternal blood is unfit to sup- 
port and develope the organic powers of the 
foetus. They imagine that globules abawt 
g^th of an inch in diameter are much too large 
to circulate in its delicate system. Similar 
considerations have led others tp conclude, 
that the red globules in the blood of the foetus 
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must be much smalls than tbose banging 
to the adult, and, fully convinced of the plau- 
sibilitj of this opinion, physiologists have en- 
deavoured to prove its correctness* Prevost 
and Dumas state, from microscopieal examin- 
ations, Uuli the red globules in the blood of the 
foetus are only half the size oS those in the 
adult. If they had not entertained a precon- 
ceived notion that sudt ought to be the case, 
why did ihej make the investigation ? Whe- 
ther they i^arded the vascnlar connexion be- 
tween the foetus and the uterus asdtFect or indi- 
rect, there wa^ no reason whatever to lead them 
to suppose that there is any difference in tlie 
size of the globules in the blood of the {(Btm 
and that of the adult. If the union be consi- 
dered of the former kind,, the blood circulating 
in the maternal and fcetal systems must be 
precisely the same ; if^ of the latter,^ although 
this identity may not be equally evident, yet, 
as the foetus has no other source than the 
maternal blood for lis support, it is almost 
impossible to arrive at any other conclusion. 
If we reflect en the manner in which the 
globules of blood are formed, we cannot for a 
moment suppose, that the foetus or the placenta 
is capable of producing any change whatever in 
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the form and magnitude of those derived from 
the mother. 

The blood, however compound in its nature, 
is the production of a digestive and oxygena- 
tive process. The chyle, which is regularly 
created in order to repair the wastes of the 
system, contains those molecules which are 
subsequently distinguished as the red globules 
of blood.* They are colourless, most proba- 
bly, because they have not as yet been repeat- 
edly exposed to the action of atmospheric air. 

It has been satisfactorily proved by physio- 
logists, that the blood, during inflammation, 
possesses a greater proportion of red globules 
than in health. It is stated in the " Experi- 
mental Inquiry into the Laws of Organic and 
Animal life," that the blood, in all inflanuna- 
tory affections, and under any excitement of 
the system by exercise and stimulants of every 
kind, is better oxygenated from its more frequent 
circulation in the lungs. It is, therefore, easy 
to account for an increase in the number of 

* M. Bauer a Londres et M. M. Dumas et Prbtost a Ge- 
neve ayant examine au microscope le chyle> ont reconnu en lui les 
monies globules que dans le sang, avec la seule difference que ces 
globules n'etaient pas revetus del 'enveloppe de matiere colorante. — 
Abelon's Fhysiologie del* Homme, torn. III., p. 39. 
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red globules, under such circumstances, and 
the explanation is, also, favourable to the opi- 
nion, that chyle differs only from blood in the 
chemical changes which the latter has under- 
gone in the lungs. 

The blood in crustaceous animals is vMte 
— may not this circumstance arise, in part, 
from a less extensive or complete exposure tQ 
the influence of oxygen ? The more or less 
perfect manner in which oxygen is enabled to 
act, occasions all the diversities in the colour of 
the circtdaiing fluid in warm blooded animals at 
different ages, and also all the varieties in the 
degrees of animal heat 

Since the sanguineous fluid is the produc- 
tion of the chylopoietic and puhnonary organs, 
it is manifest, if we suppose the placenta to be 
endowed with the power of producing the 
same efiect, that it must possess relations to 
the fluid it produces, similar to those which 
the above organs bear to that circulating 
in the adult ; for unless it is capable of per- 
forming a digestive and oxygenative process, 
how can it possibly give rise to new globules 
of blood ? Is there any analogy between the 
functions of the placenta and those of the chy- 
lopoietic viscera and the lungs? There is 
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little reason to suppose tbe foetui^ an active and 
creative agents as it does not call into exercise 
the Primary organs of the system. If instead 
of possessing organs essential to digest and 
elaborate food, we received arterial blood from 
a source external to ourselves, is it proba- 
ble that its globules would be either aug- 
mented or diminished in size ? It is scarcely 
neceasary to expose further the apparent in- 
consistency of attributing to the placenta or tihe 
foetus the power of producing them. In cer- 
tain cases of monstrosities, almost the whole of 
the abdominal viscera have been found want- 
ing, and yet, under such circumstances, the 
rest of the foetus was well nourished. 

ViEUSSENS endeavoured to shew that the ute- 
rine arteries anastomose directly with the ra- 
dicles of the umbilical veinsybut it is generally 
allowed that there are several obj^ections to his 
mode of investigating the subject. Experi- 
ments have also been performed by others, for 
the purpose of ascertaining the exact relations 
between these vessels, and opposite eonclusioik^ 
have been almost invariably drawn from them. 
Monro, Primus, in repeated injections of tbe 
placenta, did not succeed in proving a direct 
connexion between them; Magendie and 
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many atber distingaii^d physiologists, have 
heen equally unsuccessfinl. 

By carefully obser^ii^g the stoicture of or- 
^aaas m oouneidoB with the operaiions of the 
animal eoonoqay, we axe sometimes able to 
comprehend th^ particulaar purpoises they serve^ 
or^ at least, to make considerable approaches 
towards a jknpwledge of them. 

The quantity pf hlood transmitted to th^ 
lung3 at eacih contractiion of the heart, and its 
fre<|uent renewal, lead the inquiring mjin4 to 
inl!^ .the p^ce apd importaiiGe of the pulmo^ 
nic functions ; the magnitude of the nerves 
belwg^ng tQ the senses in the different grada- 
4;i(^s of anjmal life, and a variety of orgawc 
ads4>tations and actons of the system^ give rise 
to n^meroii§*nd aojt unfrequently well found- 
ed surmises concemijpg the ends they prpmote* 
{n applying ,the j$ame method of inyest^ati9g 
the intentiopQs of ijtatwe to the uterus, and its 
apfNBi^daiges dupng pregpan^y, we shall pro- 
bably acquire correct notions of theiy uses. 
The uterus, for example, is supplied with four 
arteries, two spervMtic an4 two uUrine. It is 
scarcely possible to conoeiye that the office of 
these vessels is merely to support the vitality 
of the organ in its unimpregnated state, be- 
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cause, at this time, it is extremely diminutive, 
and consequently requires only a small portion 
of blood. It appears rational to imagine that 
they are formed principally to convey to the foetus 
an arterial fluid. These vessels are enlarged, 
and are likewise rendered more active, as 
the foetus advances towards maturity. Such 
changes are what the physiologist would anti- 
cipate from a knowledge of the dependence of 
the foetus on the maternal system for its support. 
Whenever a stimulus is applied to any part 
of the body its vascularity is considerably aug- 
mented. The effect, in the first place, is oc- 
casioned by a greater action of the capillary 
arteries belonging to the affected organ, the 
tendency of which is to accelerate the flow of 
blood towards it. It cannot justly be ascribed 
to any immediate alterations in the veins, 
except so far as those alterations are considered 
as effects arising directly from an increased 
action of the arteries, because the stimulus which 
draws the arterial fluid to the surface of the 
excited organ, tends, at tJie same time, to propel 
the venous with greater force in its natural direct 
tion touHirds the heart.* 

* The difference which I am desirous of establishing here between 
the capillary arteries and veins, is simply in regard to a priority of 
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We know little or nothing concerning the 
rudiments of the embryo, but we have cer- 
tainly sufficient ground for the assertion, that 
vital actions are connected with its earliest de- 
velopment, and may be justly regarded as na- 
tural stimulants applied to the surface of the 
organ to which the embryo is in juxta-position. 
If a state of vascularity occasions a local or 
general derangement of the system, it is dis- 
eased ; but if it produces effects essential to 
certain important functions of the animal eco- 
nomy, it is to be considered in another light. 
The embryo, for many days after conception; 
has no connexion whatever with the uterus ; 
but, after a certain time, its vital energies pos- 
sess sufficient action to stimulate the internal 



affection on the application of a stifpukia. Sinoe arterial blood has a 
teadency to fioyv Jrom the heart, on account of the propelling power 
of this organ, and the venous to it, from causes which draw it to the 
chest, is it not reasonable to suppose, that the arteries and veins are 
▼eiy difieroitly situated ? If we allow that they are equally ezdted 
by the application of a stimulus, have we not sufficient reason to con- 
clude, that their respective fluids will proceed, with accelerated motion, 
in two opposite directions, and thaty therefore^ an increased vascu- 
larit^ in any part arises, primarily, from an augmented action of 
the arteries ; but that, if thele receive more blood than usual*, the 
veins will also circulate it in the same proportion, because it is their 
office to remove what the former tran&mit, such removal being neces- 
sary to prevent congestion ? 

P 
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surface of this organ, to such a degree, as to 
lead to the subsequent connexion between 
them. 

It not unfrequently happens, in the inflam- 
mation of an organ, that it becomes attached 
to the parts adjoining it, and a firm adhesion 
takes place. If the vessels of the inflamed or- 
gan did not directly, or indirectly, through the 
medium of intervening matter, extend them- 
selves to other organs, the almost inseparable 
connexion between them could not be formed. 
Pathologists, in their investigations into the 
nature and progress of disease, have frequent 
opportunities of demonstrating this fact. That 
the embryo does not depend on any mysterious 
adaptations of the uterus, is proved by its 
growth in cases of extror-uterine development. 
The causes of its production in the tUerus occasion 
its formation in every unnatural situation. If 
the foetus is connected with the parietes of 
the intestines, which it sometimes happens to 
be, it continues to grow, until the general de- 
rangement it occasions in the maternal system, 
destroys its own being, or that of the mother. 
It has formed an adhesion to these parts, from 
the stimulus imparted to their vessels, by the 
manner in which it acts on those of the internal 
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surface of the uterus. The principal differ- 
ence between this organ, and the different 
viscera, to which it is sometimes attached, is 
in the quantity of blood furnished for its nu- 
trition. When the foetus is extra-uterine, it is 
sometimes capable of existing only a short time, 
because it does not receive blood adequate to 
its necessities, llie small arteries belonging 
to the intestines are large enough to maintain 
their vitality and functions ; but when a small 
portion only of their surface is occupied by a 
placenta, an abundant supply of arterial blood 
cannot be afforded to the foetus. During preg- 
nancy, the uterus becomes more vascular than 
any other part of the system under similar cir- 
cumstances, and it is, therefore, well adapted to 
nourish the foetus in every stage of its progress. 
I cannot conceive any other mode of explain- 
ing, in a satisfactory way, the manner in which 
a connexion is formed between the embryo and 
uterus, or any other part of the system. The 
blood of the mother must necessarily pass from 
the uterine vessels to the placenta, which it 
could not regularly do, unless the relations be- 
tween the two organs were such as I have 
described. 

The explanation which I have here given, 
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is materially strengthened by the fact related 
in the following passage from Magendie : — 
^' In bitches, about the middle of their gesta- 
tion, there are seen a great number of small 
arteries, which, issuing from the tissue of the 
uterus, pass into the placenta^ where they are 
divided into several ramifications. At this 
period, it is impossible to s^rate these two or- 
gans, without tearing these arteries, and producing 
a considerable hemorrhaged 

In Dr. Thompson's admirable work on in- 
flammation, many experiments are related 
which illustrate the speedy formation of vessels 
from an elongation of those already existing. 
An argument founded on analogy; derived fix)m 
the efforts of nature in disease, is not precisely 
applicable to what occurs in the union of the 
placenta and uterus. When an organ is 
highly inflamed it generally occasions a depo- 
sition of lymph, which, if not ultimately ab- 
sorbed, becomes organized, and a firm adhesion 
is formed between it and contiguous organs ; 
but in the connexion of the uterus and placenta, 
elongated vessels have not, as in inflammation, 
previously undergone such extensive changes 



Edit. 2. 



Magendie's Physiology, trans, by Dn Milligan, p. 503> 
.2, 
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as to pour out any thing that easily leads to the 
formation of an unnatural union. A connexion 
is, indeed, formed, but one of a peculiar nature. 
The uterus does not become disorganized from 
its various modifications during gestation, nor 
the organ to which it is attached, but an the 
contrary^ blood continues to flow indirectly, from 
the mother to the foetus, and in the same way 
from the foetus to the mother, without any inter- 
ruption to its circulation. These peculiar cir- 
cumstances can scarcely be supposed to exist 
in diseases : " The liquors," as Monro, Pri- 
mus, justly observes, " are not carried from 
the mother to the foetus, or from the foetus to 
the mother by continued canals, that is, the 
uterine arteries and veins of the secundines ;♦ 
but the extremities of the umbilical vein take 
up the liquor by absorption, in the same way 
as the lacteals do in the guts ; and the um<- 
bilical arteries pour their liquors into laige 
cavities of the sinuses or other cavities analo- 
gous to them." 

If this view be correct, we cannot but 
observe the wisdom which nature has shown 
in the construction of the placenta. — If we 
suppose the connexion between the mother 

* Harvey, de General. Exercit. 70. Ruysch Thes. 5 n. n. 41. 
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and placenta to be maintained by fifty, or any 
number of vessels — a mode of union which 
is conceived to exist by several distinguished 
physiologists — ^it will necessarily follow, that 
whenever physical or moral causes disturb the 
general circulation of the mother, that of the 
foetus will he disordered to an equal extent, and 
consequejitly its existence rendered extremely pre- 
carious. 

It is well known that the maternal system 
is frequently subject to severe and sudden dis- 
turbances. If we imagine a continuous stream 
of blood flowing from the mother to the foetus, 
it is evident that the latter would be affected 
in proportion to the excitement or depression 
of the circulatory system of the former : and 
if such were really the nature of the connexion 
between them, I cannot conceive how the life 
of the foetus could be preserved when the ma- 
ternal system is particularly disturbed. But, 
if the placenta be regarded as an organ inter- 
vening between the mother and the foetus, 
for the purpose of receiving the blood of both, 
it is not difficult to understand how a tem- 
porary derangement of the maternal circula- 
tion seldom materially affects that of the foetus, 
Tfie placenta is therefore a barrier to (lie trans- 



THE PLACENTA. Ill 

mission of injurious effects, arising from sudden 
and violent emotions of mind, or from a variety 
of other causes that render irregular the general 
circulation of blood. 

This opinion derives support from the cir- 
cumstance that the placenta adheres sooner to 
the human womh, than to the uterus of other 
creatures, and the foetus has a larger propor- 
tional placenta, wherehj its adhesion is stron- 
ger.* The human frame is more liahle to be 
greatly excited and depressed by various pas- 
sions^ medicines, and diseases, than that of 
the inferior animals, and would consequently 
seem to require during pregnancy, that the 
placenta should be larger, and adhere at an 
earlier period to the utenis in order to secure 
it from frequent accidents. 

But although human beings are more ex- 
posed than the lower animals to severe disor- 
ders of the circulatory system, we must not 
imagine that the latter are wholly exempt from 
disorders. Many of them from being subject 
to man, or being made the objects of his sport, 
are frequently exposed to treatment and cir- 
cumstances calculated to derange the free and 
regular circulation of the blood ; and some pos- 

* Monro, Primus, Edinburgh Medical Essays, Vol. II, p. 338. 
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sess placentae, whose size and organization are 
apparently designed to protect the system from 
injury. It does not appear very probable, that 
the uterus pours venous blood into the placenta. 
It has been stated above, that if the uterus be- 
come more vascular than usual, from the vital 
actions of the embryo, which stimulate it, there 
cannot be any tendency in the veins to dis- 
charge blood, but a contrary tendency to return 
it in its natural course to the heart of the mo- 
ther ; whereas, if the arteries are excited, the 
arterial blood will necessarily be directed to the 
uterus^ since a propelling and not a withdraw- 
ing power is operating from behind. The cir- 
cumstances of the uterus, during gestation, 
differ widely from those of the intestines when 
they are the seat of hemorrhs^e, — a disease 
which may be alluded to in disproof of the rea- 
sons assigned to explain the flow of arterial, 
rather than venous blood, into the uterus : in 
this disease, the constitution generally labours 
under great debility, conjoined with local de- 
rangement, which produces an obstruction of 
the circulation ; the veins of the abdomen are, 
consequently, congested, as well as weakened. 
When the surface of an organ is stimulated, a 
greater proportion of blood is immediately de- 
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termiued to its capillary arteries, and their 
increased action is rather of a continued than 
momentary nature ; hence, it is evident, t^iat 
the state of the uterus is very dissinular from 
that of the veins when they pour out venous 
blood. The causes which regulate the flow of 
hloodfrom the vierm to the placenta, are of the 
same kind as those which promote its circulation 
from thefwtu^ to this organ. In both cases a 
propelling power is exerted from behind. In 
the former the maternal, in the latter the foetal 
heart trans;mits it to the placenta. 

The venous bloo4 transmitted by the foetus 
to the placenta^ is absorbed by veins and con- 
veyed to the lungs of the mother; the arterial 
blood derived from the uterus, is absorbed by 
the uinbilical vein, and flows to the heart of 
the foetus. We are not capable of forming an 
accurate idea of the number or nature of those 
powers which cause, in either case, the return 
of blood to the heart. It is quite clear, how- 
ever, that it flows to the placenta from two 
qpposiite points^ an4 that it is absorbed and 
carried to the mother and foetus in a similar 
way, although not precisely the same, in both 
instances. The views of Barry go far to- 
wards explaining the circulation of venous 

Q 
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blood in viviparous animals after birth, but do 
not account for its circulation in the foetus. 

It was stated by Vieussens that the red 
globules of blood were not absorbed by the 
umbilical vein. The same absurd doctrine 
was also taught by Monro, Primus. *' The 
foetuses of viviparous animals," observes the 
latter, " have their red blood from the same 
source that chickens in eggs have theirs, the 
action of the heart and the vessels in their body 
and secundines.''* 

If oxygen, and that organic construction 
universally belonging to the respiratory organs 
of animal and vegetable life be wanting, the 
process of oxygenation cannot possibly proceed. 
The simple action of muscles, or vessels, on 
the particles of blood, cannot create an arterial 
fhiid. 

I have already alluded to the impossibility 
of the placenta performing the office of lungs. 
If a connexion between the placenta and 
uterus either of a direct or indirect kind be 
denied, it is impossible to account for the 
origin of foetal blood. The foetus possesses 
not the organs necessary to produce it, and, 
therefore, it must necessarily pass from the 

* Edinburgh Medical Essays, Vol. II. p. 301. 
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uterus to the placenta. The discrepant opi- 
nions, as to the manner in which the blood 
circulates to and from these organs, do not 
render less valid the views proposed to explain 
foetal nutrition. " That the blood," observes 
Dr. BosTocK, '* which is sent from the foetus 
along the umbilical cord to the placenta in the 
venous state is returned in the arterial state, 
i^o that we are justified in concluding, tliat this 
organ supplies the place of tJie lungs, or produces 
the chemical changes in the blood which Jit it for 
the support of life. It is no doubt difficult to 
conceive how this can be accomplished with- 
out a direct vascular communication, and we 
can only account for it by supposing that the 
minute vessels of the placenta, like those of 
the lungs, are capable of absorbing and ex- 
haling through their coats, the substances 
necessary for effecting the change, the arteries 
of the maternal placenta exhaling oxygen and 
absorbing carbon, while those of the foetal 
placenta perform the reverse operation."* 

The same views are apparently entertained 
by Mr. Brodie. In speaking of a foetus he 
dissected, in which the circulation had been 
carried on without a heart, " it appears extra- 

* BosTOCK*s Elementary System of Physiology, Vol. 11. p. 301. 
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ordinary," he says "that under these cir- 
cumstancesy notwithstanding the circulation 
through the placenta must have been more 
languid than is natural, that that organ should 
nevertheless, have been capable of exercising 
its proper functions, so as to produce those 
changes in the blood, which are necessary for 
the maintenance of foetal life. This may be 
explained by considering that in the natiural 
foetus the umbilical arteries are branches of 
the general arterial system, and only a portion 
of the blood of tlie child is sent to the placenta,, 
whereas in the foetus, which I have described, 
the trunk of the vena cava was continued into 
the vein of the chord, and the whole of the 
venous blood circulated through the placenta, 
and was exposed to the influence of the arte- 
rial blood of the mother."* 

Does not the foetus require something more 
nutritious than oxygen for its support or than 
venous blood combined with it ? If blood is 
either directly or indirectly derived from the 
uterus, would not the preceding observations 
lead us to conclude that it is arterial ; if it be, 
what necessity is there for forming fanciful 
hypotheses to accoimt for the nutrition of the 
foetus? 

* Phil. Trans. Part I., 1809. 
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The mode in which I have endeavoured 
to account for the placenta becoming con- 
nected with the uterus, is not rendered less 
probable by investigations into the subject of 
parturition. The facility with which the pla- 
centa is detached from the uterus, may seem 
an insuperable objection to the union, previ- 
ously described as existing between the uterine 
vessels and the placenta. The maternal pla- 
centa continues to receive blood as long as it 
is able to transmit it to the foetus; but the 
removal of the former organ necessarily ar^ 
rests the circulation of this fluid flowing from 
the placenta along the umbilical vein, avd 
consequently the placenta is considerably con- 



It is congested because it has no means 
whatever of transmitting, as usual, the blood 
it receives, and its engoi^ement continues to 
increase until it is expelled : it is indeed this 
circumstance which weakens its adhesion to 
the uterus. When the connexion between tiie 
foetus and the placenta is broken, the umbili- 
cal vein cannot, as usual, carry blood from the 
latter, and, therefore, those intimate relations 
which exist during gestation between the pla- 
centa and the uterus, arising from an undis- 
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turbed circalatioii, are destroyed : the placenta 
is coDsequentlj rendered a lifeless mass. 

After the expulsion of the foetus, pains 
commence, accompanied by strong contrac- 
tions of the uterus, the influence of which is 
exerted upon the placenta; and while the 
uterus is powerfully acting upon it, it is also 
diminishing the capacity of the uterine ar- 
teries. By the latter effect, it is lessening the 
vascular connexion between the two organs and 
tJie liabUily of the occurrence of hemorrhage ; hy 
the former, it facilitates the expulsion of tlie 
placenta. These assertions are susceptible of 
mathematical' demonstration. If we suppose 
the surface of the pregnant uterus, immediately 
before delivery, to be represented by 50, the 
contractions it undergoes during the after pains, 
may probably diminish it to 15, or even less, 
and consequently the vessels which unite the 
placenta and uterus, will have their capacity 
lessened in the same proporticm. This impor- 
tant change in the extent of the uterine sur- 
face affects the arteries almost as much as if a 
ligature were tied on each. Hemorrhage very 
frequently succeeds the expulsion of the pla- 
centa, and this arises from the imperfect con- 
tractions of the uterus; in consequence of 
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which, the mouths of the arteries are left par- 
tially open. This explanation removes any 
objection to the possibility of separating organs 
so intimately united as the uterus and placenta. 
There are three provisions for the expulsion 
of the placenta, and the prevention of he- 
morrhage : — 

1. The engorgement of the placenta, the 
first preparatory step. 

2. The strong contractions of the uterus 
exerted upon the placenta. 

3. The contractions of the uterus vrhich di- 
minish the capacity of the uterine arteries, and 
thus directly lessen the connexion of the pla- 
centa with the uterus, and also prevent the oc- 
currence of hemorrhage. 

" If the vessels of the secundines," observes 
Monro, Primus, " were joined by an anas- 
tomasis to the uterine, an hemorrhage, or flux 
of some liquors, would happen at the umbilical 
vein whenever the naval string was broke or 
cut, and would continue as long as the after 
birth adhered to the uterus ; and if the umbi- 
lical vessels were tied, the circulation would 
still continue in the placenta, and it would not 
become a lifeless mass.'** 

* Monro, Primus, Edinburgh Medical Essays, Vol. II, p. 295. 
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But it is evident, from what has heen stated, 
that it is scarcely possible for great hemorrhage 
to occur on the separation of the umbilical cord, 
became the circulation of blood in the vmbilical 
vein does not depend on the presence of the pla- 
centa only, but also on that of thefostus. 

The last mentioned author still further re- 
marks^ that the placenta, becoming a lifeless 
mass, after the separation of the cord, '' shows 
the secundines to owe their life and action to 
the foetus." The secmdines are indebted not 
onfy to the foBtus foar their life and action, but 
oho, and in an eqaal degree, to the mother. They 
receive and transmit blood to both, and therefore 
it is unphihsophical to attribute their existence 
exclusively to either. 

It is well know^ that " the placenta sepa- 
rates much more easily after the child is bom 
than while it is yet contained in the uterus," 
This circumstance is certainly in favour of the 
precedipg observations in regard to the man- 
ner in which the placenta is supposed, in the 
first place, to have its connexion with the 
uterus weakened. As long a.s the blood cpQ* 
tinues to flow to and from the placenta with- 
out intermission or irregularity, it is extremely 
di^cult, if not impossible, to break its attach- 



THE PLACENTA. 121 

ments. The circulation of the blood between 
these oigans serves to maintain ih^t vascular 
union which conjoins them. It has already 
been observed, that the placenta, occasionally 
protects the foetus from the injurious influence 
of violent emotions ; but, nevertheless, it some- 
times happens, that this influence is communi- 
cated to the uterus, and abortion is the conse- 
quence. Causes which accelerate this effect, 
disturb, j^rimani^, the circulatory system of the 
mother, and secondarily, that of the foetus ; if, 
to such an extent, as to destroy the action of 
the foetal heart, the blood no longer flows from 
the placenta to the foetus. In this case, the 
placenta becomes congested, because it cannot, 
relieve itself, as usual, of the blood it receives. 

Various views have been proposed, to ex- 
plain the occurrence of parturition at regular 
periods, in the same species of animals, but no 
satis&ctoiy reason has^ as yet, been assigned. 

Sir E. Home is of opinion, that '' the lungs 
are the last part of the embryo which are com- 
pletely formed. As soon as this happens, the 
blood that circulates through the lungs must 
greatly diminish the supply of blood to the 
placenta; the consequence of which will be^ 
that the small terminal arteries of the foetal 
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portion #ill become contracted^ which cannot 
happen to any great extent, without producing i 
more or less of a separation of the placenta and : 
chorion, and this Will be followed by the ex- v 
pulsion of the young. That very slight dis- 
turbance, at this period, brings on labour, is 
well hnown, from the number of children pre- 
maturely bom, that are with difficulty kept 
alive, tin thei circulation through the lungs be- 
cmnes complete/* 

The ideas of Sir E. Home, concerning the 
nutrition of the foetus, to which I haveaheady 
alluded, have evidently given rise to this very 
fanciful hypothesis. In supposing the lungs of 
the foetus, at the latter part of utero-gestation^ 
to withdraw a small proportion of blood from 
the placenta^ it is manifest that he regards 
thefwttis 08 possessed of a determinate quantity 
rf blood; so that, if one part of thefostal system 
receives a little mme than tmud for its further 
development^ another will necessarily receive 
less4 

The foetus has, at least, ten times the quan- 
tity of blood at the setenth, that it has at the 
second, month of pregnancy ; and, as the in- 
crease eiumot possibly be derived frcwn the 
Soelus, how can the more complete formation 
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of the lungs affect the oonuexioQ between the 
uterus and the placenta ? 

l^e organization of the lungs is not pcnr- 
fected^ except at the e}q>ense of sanguineous 
fluid. If it were even adinitted, that the hwgs 
withdraw a certain quantity of bbod» is it not 
manifest, that this would be proportionate to 
the gradual development of these organs, whilst 
every other part of the foetus would, at the same 
time, be improved to a similar extent? As 
it is impossible to deny this fact, there is not 
the smallest degree of evidence, or the slightest 
shade of probability, that an alteration in the 
structure of the lungs can produce any effect 
whatever on the proportion of blood circulat- 
ing in the foetus. To say that the additional 
quantity of blood, required by the lungs, dis- 
turbs the circulation of the placenta, is no less 
absurd, than it would be to assert, that it dis- 
orders the circulatory system of the mother, as 
this supplies the gradually increasing demands 
of the foetus. If the foetus suddenly respired, 
and produced by this act the same consider- 
able changes in the capacity of the chest, and 
the distribution of the blood, that it does im- 
mediately after birth, there would be then 
something like probability in supposing that 
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the greater action of one part of its system di- 
verted the course of the blood from the pla- 
centa. I shall not presume to offer any opinion 
on the cause of parturition. It is the duty of 
the philosophical inquirer to expose the fallacy 
of erroneous theories and incorrect hypotheses, 
although he is unable to propose others entirely 
satbfactory, since such exposure clears the way 
for subsequent investigations and discoveries. 



• .- ^ 



CHAP. V. 

TEMPERATURE OF THE FCBTUS. 

There axe certain points connected with the 
consideration of the present subject, that have 
not as yet been fully explained, and which 
are intimately related to the views already 
proposed, concerning the nutrition of the 
foetus. It has been proved by experiment, 
that the temperature of the foetus is seldom 
above 92^ or 95 ^F, It is said to be higher when 
theftetus lies dead in the uterus. ** If this fact 
is correct," observes Maoendie, " the foetus 
must possess some means of lessening the 
temperature that does not exist after birdi/'* 
If according to the principles previously stated, 
we regard the foetus as receiving arterial blood 
from the mother, we shall find few difficulties 
in attempting to render these phenomena 
more inteUigible. It is satisfactorily ascer-^ 
tained that the sanguineous fluid loses a por- 
tion of its animal heat, as it recedes from the 
centre of circulation. The foetus is supplied 

* Mag£MJ>ib*s Phyaiology, trans, by Dr. Milligak, p. 511. 
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with blood from the spermatic and uterine 
arteries, and as this fluid in its passage to the 
placenta is considerably removed from the 
source of its oxygenation, it is reasonable to 
imagine that its temperature is slightly dimi- 
nished, when it reacnes this organ. 

It wiU indeed scarcely be denied, that svch 
a change is likely to be producedi ^hen it 
is absorbed and conveyed to the foetus, which 
po^e^ses np means of generating animal heat 
Although the foetus is incapable of contributing 
to its owQ support by renewing the vital quali- 
ties of the blood, yet, as the process of assimi- 
lation is Active, and as the excretory functions 
of the skip are carried on in a modified degree, 
those cauaes are in oper;»tion which must tend 
tp diminish the tenjperatujre of blood circu- 
lating in tfee foetus. Thepe ip updoubte^ly a 
grefjft diffisrejice in the statp of the saf^Ufneat^^ 
flv^id in qne bodj^, in wfiich it is confif^mlly Te-r 
pewifig its heat, and in anotJipr, in which ^q 
simiffir cJfflnge tajk^s plaoe. 

There is another re^pn, whiph, in conjui;i(f* 
tion vdth the above, seems sufficient tQ 9f>^ 
coi^it fpr the low temperature pf the jToetus^i 
The whole of the a4ult bjopd pa^sses pflce, 
every two or three minutes through the lung9. 



THE PCBTITS. 127 

and is, consequently, cotnpktely acted upon 
by atmospheric air, but when the foramen 
ayale continues open after birth, the tempera- 
ture is several degrees less than natural. This 
diflS^ence arises evidently from the imperfect 
oxygenation of blood. The whole blood of the 
feelus is not exactly renewed in the same time 
as Ihat of the adult^; and on this account, the 
temperature of the fobtus will be less. The arte- 
rial blood conveyed to the vena porta and the 
vena cava inferior, is mixed with the venous 
blood of the vena cava superior in the right 
auricle of the heart, and, therefore, the arterial 
blood of the foetus is not so purely arterial as 
that of the adult. It is not difficult to explain 
why the temperature of a dead foetus is higher 
than that of a living one. In the former, 
none of those functions are in action which 
diminish the heat of the blood, as circulation, 
assimilation, and excretion from the skin, all 
of which exist in the latter. 

If the dead foetus be regarded as a mass of 
inorganic matter, the degree of its temperature 
will illustrate a common law in physics, tJuU 
heat has a tendency to diffuse itself tkroitgh con- 
tigtiotis bodies until an equality of temperature 
is established. TTie warmest give out, and the 
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coolest receive, until they have attained a uni- 
form degree of heat. It is, therefore^ manifest 
that as long as the dead foetus remains in the 
uterus it will be of the same temperature as 
the mother* If this explanation is considered 
satisfactory, it is obvious that the conclusion 
of Maoendie is fallacious, viz. that ''the 
foetus mustpossess some means of lessening 
the temperature that does not exist after birth/' 



CHAP. VI. 

THE ORIGIN OF THE LIQUOR AMNII AND MECONIUM. 

It has been repeatedly stated in this work, that 
wherever vital actions exist, different excretions 
are invariably produced. It has also been ob- 
served, that the modifications which the sap 
undergoes in the leaves, in summer, are ac- 
companied by an ejection of matter, in quan- 
tity proportionate to the extent and energy of 
those operations which occasion them ; and 
still further, that the laws which I have at- 
tempted to develope and establish, in regard to 
the nutrition of the vegetable, do not differ 
materially from those which regulate the same 
process in the animal. A knowledge of this 
general agreement is extremely valuable, as it 
enables us to explain a variety of phenomena 
that have hitherto been deemed inexplicable, 
or have been accounted for on erroneous prin- 
ciples. TTie i*apid growth of the foetus shows 
that the powers of nutrition are active, and as 
it is constantly supplied with arterial blood, the 
cause of all organic actions, it necessarily fol- 

s 
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lows, that transpiration^ which is simply an effect 
of them, mil take place from the whole surface of 
the body. This result is as inevitable, as that 
its obstruction, by artificial means, never fails 
immediately to produce great oppression of 
the vital powers, and subsequently death. 
The temperature of the body is regulated 
by transpirajtion, or by what is called sen- 
ife$i/e'«rdin^/isi6fe perspiration. It has long 
ibee» '% subject of discussion, whether the mat- 
tor foarmed by sensible or insensible perspiration 
be the same, or essentially different. H aller 
was of the latter opinion,* I cannot conceive 
there is any difiference, except in the state in 
which it exists.^ 

The insensible perspiration^ or transpiration 
by (evaporation, under the unpxcited state of 
the body, main tains the proper temperature of 
the system, and allows the removal of what is 
unessential. We always observe, when the 

* See Bostock's Physiology, Vol. IL, p. 235. 

f Dr. BosTOCKy in speaking of the distinction which Dr. Ed- 
wards has made betwera evaporation and transpiration, observesr^ 
** that in both cases the matter tabe transpired nmst leave the mouths 
of the vessels in a fluid form, and that the fluid is subsequently eva- 
porated by means of the air, so that, except in degree, I do not per- 
ceive any essepitial difference between the operations."— Elementaiy 
System ^f Fby*A>gy, Vol. n.,,p. 2S7. 
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heat of the body, in healtli, is inci;eased by 
great muscul^tr exertioD, and by internal sti- 
mulants, that the insensible is converted into 
setnsible perspiration. The augmented activity 
of the cutaneous function is occasioned by the 
greater energy of the pulmonary and circula- 
latory systems. 

The subsequent views and re^^oning are 
not in the least affected by our inability to de- 
termine the correctness of either of these 
opinions. Evaporation necessarily implies the 
presence of air, and, therefore, il is quite evi- 
dent, that it cannot exist in the foetus immersed 
in the amnios; yet transudation, which relieves 
the system in a similar manner, is obviously 
unimpeded by the same circumstances. The 
experimental inquiries of Dr. Edwards into 
the subject of transjpiration, are highly satisfac- 
tory and valuable. " Supposons,'* he says, 
" que lean, en contact avec la peau, n'ait 
aucune action physiologique sur cet organ. En 
ce cas, elle se bornerait a empecher, le coijttact 
de lair, et, par consequent a supyrimer la tran- 
spiration par evaporation k la peau. // resterait 
laperiepar transsudation a la peau, qu' il faudrait 
ajoutera celle qui se fait par les poumons."* 

* Del* Influence des Agens Physiques, p. 344. 
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No part of animal or vegetable nature could 
exist, unless it were able to remove its excre- 
mentitious matter, and as its expulsion invari- 
ably accompanies vital actions of every de- 
scription, is it not more than probable, from 
simple reasoning, that transudation necessarily 
takes place in the foetus ? This operation in- 
deed, or one analogous to it, must be performed. 
Whatever breathes or vegetates is continually per^ 
forming certain excretory actions. If, therefore, 
the foetus exercises the function of transuda- 
tion, v«^hat probable source is there, except the 
skin, to account for the secretion of the amnios 1 

Magendie, in allusion to this subject, makes 
the following observations : — " Exhalations 
seem to take place in the fetus, for all its sur- 
faces are lubricated nearly in the same manner 
as afterwards ; fat is in abundance ; the hu- 
mours of the eye exist ; cutaneous transpira- 
tion very probably takes place also, and mixes 
continually with the liquor amnii. With re- 
gard to this last liquor, it is difficult to say 
whence it derives its origin ; and though no 
sanguiferous vessels appear to be directed to the 
amnios, it is nevertheless probable that this 
membrane is its secretory organ/'* 

* Maoendie's Pby8.> trans, by Dr.M illigAk, p. 51 1> £dit.II. 
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It is not easy to conceive how so acute and 
distinguished a physiologist as Magendie, in 
considering the secretion of the amnios, could 
almost entirely overlook the function of the skin. 
It not unfrequently happens when we examine 
any scientific subject in a superficial or general 
manner, that we fail to give a correct or satis- 
factory account of very ordinary, and some- 
times very obvious effects. If a fluid similar 
to the amniotic had always been found in the 
chest of the fcBtus, its production might have 
been plausibly ascribed to the pleura, it could 
not have been referred to any other mem- 
brane; but, in endeavouring to explain the 
origin of the amnios, we have hitherto ne- 
glected to take into consideration the influence 
of a function, which is ascertained to exists and 
have attached undue importance to a thin, pel- 
lucid, and exsanguineous membrane^ the secretory 
power of which, in this situation, is not ascer- 
tained in any degree. 

It has been already stated, that the quantity 
of excrementitious matter evolved from the 
animal or vegetable, is always proportionate to 
the energy of its vital actions. Serous mem- 
branes, in the state of health, secrete only 
what is necessary to lubricate their surface ; 
but when they are highly stimulated by in- 
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flainmation, or disordered by other causes, they 
pour out an abundance of serous fluid, exhi- 
biting, in this case, the very close relations ex- 
isting between the degree of vigour possessed 
by an organ, and the quantity of its peculiar 
secretion. 

If vre allow that the amnion secretes, the 
activity of its function will be admitted to be 
proportionate to its vital energies ; but this 
activity cannot rationally be supposed to equal 
that of the well-known powers of the skin, 
which are engaged, in every period of life, in 
removing from the surface of the body, per- 
spirable matter. The . physiologist may very 
safely infer, that the amnios is secreted by the 
skin, from the fact, that such secretion is its na- 
tural and unceasing function, and is, moreover^ a 
necessary consequence of , its organisation, and the 
distribution of blood to it. That it is secreted 
by the amnion, is very improbable. If the 
foBtus had been placed in a rpedium of a tem- 
peratiire, much lower than its own, transtfda- 
tion from the surface of its body would ha^ve 
been almost wholly prevented; but, as the 
fluid, in which it is immersed, is of the same 
temperature as itself, such an effect is rather 
facilitated than impeded. 

** Deux causes," observes Edwards, "in- 
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fluent principalement sur ces deux fonctioiis : 
(absorption and transudation) la quantite de 
liquide contenue dans le corps, ^ la tempera- 
ture deV eau dans lequel il s^journe. Plus il 
y a de plenitude, moins il y aiura d' absorption; 
plus la temperature del* eau est basse, moius 
il y aura d' exsudation. Dans lalimite extreme 
de 30^ cent, le contraire a lieu ; les pertes 
Temportent de beaucoup sur les gains^parceque 
la transsudfition predoruine sur Fabsorption/'* 
The liquor amnii augments with the deve-. 
lopmeijt of the fcatus. If this fluid is exuded 
from the skin, its gradual increase is in perfect 
accordance with those principles which are 
supposed to explain its origin. Th$ vital ac-^. 
tiom of tjie fwtm, and a more extended surface 
for secretionf augment in proportion to the pro- 
gress of gesUttion. 

" In }m Cpmparative Anatomy, page 70, 
tlbi^ late Dr. Monro observes, that the liquor 
amn^^ at i^st, is in a small quantity, after- 
wards increases for some months, th^n again 
decrease^ ; and in a cow, near her time, the 
quantity of this liquor is not above a pound. 
This assertion is directly contrary to what the 
author has advanced, and to what every one 

* Del' Influence des Agens Physiques, p. $52. 



136 THE ORIGIlSr OP THE LIQUOR 

conversant with the management of cows well 
knows, viz., that so ahundant is this liquor, at 
the time of calving, that not less than two or 
three pails full come away in the whole : I have 
heen led, therefore, from very accurate obser- 
vations, to state the quantity of this liquor, 
bears always a proportion to the size of the 
foetus, and is in the greatest quantity, instead 
of being least, in the latter months."* 

In the human race, the amnios is found to 
increase with the growth of the foetus. The 
quantity of water discharged at the termina- 
tion of pregnancy, leads us to infer that such 
is the case. The great quantity of it in the 
womb is evident, when it is expelled a day or 
two before delivery, in consequence of which 
the abdomen is considerably diminished in 
bulk. The secretory function of the skin in 
the foetus cannot be nearly so enei^etic as in 
the child or adult : since its system is not con- 
tinually excited by muscular exertion, and the 
chylopoietic viscera do not perform, as after 
birth, their varied and essential oflSces: its 
animal heat, too, is comparatively low, and its 
circulatory system feeble. It may probably 

* Practical Treatise on the Parturition of the Cow, by Edward 
Skellett, Profeasor of the Veterinary Art. 
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be asked why other organs, as well as the skin, 
do not exercise, during foetal existence, their 
several functions. There is, in ray opinion, 
a great difference between the exciting causes 
of the function of the skin and those of the 
recrementitious and excrementitious functions. 
The functions of the kidneys and the liver appear 
to depend exclusively on the changes which food 
undergoes in the stomachy or on the constant ad- 
mixture of nutritious and other substances with 
the circulating fluids of the body. 

If this were not the case, the kidneys of the 
foetus would secrete an abundance of urine, 
as they are supplied with arterial blood, from 
which all secretions are derived. The inves- 
tigation of this subject, in the present state of 
aur knowledge, could lead to no satisfactory 
conclusion, and I shall therefore decline the 
consideration of it. It is quite sufficient for 
my purpose to know, that when the system is 
nourished by its own functions, the excretory 
organs are excited to a degree proportionate to 
the energy of these functions ; and that, when 
they are not in operation, those organs do not 
exercise their ordinary offices. It has already 
been stated that the cutaneous surface of the 
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foetus is not unfavourably idtuated for secret- 
ing its ret^ective fluids ; it is imnsersed in tlie 
liqit^r anmd, wliidi^ being of its own temper- 
ature, by stimulating the action of the capil- 
lary vessel:^ will promote tranmdaiion. 

It has never been doubted tiiat the whole 
surface of the adult bddy perspires ; but there 
ate many disputes oonceming its po)ver of ab- 
sorbing. On this subject^ writers of the great- 
est authority in physiology dii^ in opinion : 
some assert that the skin absorbs ; others main- 
tain that it eannot> unless its natural function 
is disordered by the application of acrid sub- 
stances, by long maoera)tion, or by the em- 
ployment of friction^ I am inclined to think 
that tiie latter is the more correct assertion, 
and in support of it» I may quote the words 
of my learned frigid Dr. MiiiLiOAN :— 

*' The cuticle has no absorbing orifices open- 
ing on its >surface, and the substances, hitJierto 
supposed to be taken up by these, really mak« 
their way into the body by the action of the 
IwBk^^s^uAtuUswra,; yet> from the imbibii]^ 
iaculty common to the cuticle with dead or 
inoi^gamsed matter, many substances may, by 
long maceration <x external violence, find a 
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passts^e througb it to the ibsorbiDg orifices of 
the cutis veru without auj laceration of the 
cuticle being visible/'* 

Many cases are recorded, whkb prove tib^t 
the foetus is liable to be afl^ted mih the tem- 
porary diseases and derangementi^ of the mo- 
ther. How often does it happen that it i^ 
sickly or puny, if she Imus been mueh indisr 
posed during pregnancy; being sojwetimes 
even expelled before its time, from a disor- 
dered or enfeebled state of the materoal sys- 
tem ? The diseases of the foetus, and the cha- 
racter of its constitution^ almost demonstrate 
the nature of the connexion Existing between 
it and the mother. It is stated that the liquor 
amnii is sometimes extremely offensive in its 
odour, and when this takes place, it may, ge- 
nerally, be shown to arise from diseases of the 
parent alone, or from them in conjunction with 
the action of mercury.f 

It is almost unnecessary to state, that the 
combination of these causes infeats the circu- 
lating fluids of the mother, and consoqu^tly, 
if the blood which the foetus receives he un- 
healthy, it is not improbable thajt the skin will 

* Notes to Maoemdie's Physiology, trans., p. 508. 
t Edinburgh Medical Essays, VqL II., p« 2S9. 
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iDdicate the existence of diseased properties in 
its secretion. It does not necessarily follow 
that the foetus shall be sickly, or imperfectly 
developed, because it has been supplied dur- 
ing one part of gestation with blood of an im- 
pure quality. During this time it may have 
made little progress, or have been rendered 
very weak ; but in proportion as the parent 
recovers her strength, and usual vigour of con- 
stitution, it gradually recruits its powers, and 
may come into the world with all the attri- 
butes of a healthy being. 

ITie correctness of this opinion, however, 
has been called in question. The mother may 
not indeed completely recover her ordinary 
degree of health, or the child may have been 
almost destroyed by her long continued dis- 
eases, or by the influence of deleterious me- 
dicinal substances : in either of these cases, it 
cannot be expected that the foetus should be 
strong and healthy ; but when these causes 
are less injurious, their effects are often wholly 
removed by an improved state of the maternal 
system. 

It has been observed by those, who have 
paid attention to the physiology of the foetus, 
that the liquor amnii, in the early months of 
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pregnancy, is a comparatively clear fluid, and 
becomes cloudy or less pellucid as gestation 
advances. The amnios, like most secretions of 
the body, is a combination of salts and animal 
matter: the exposure of which, for several 
months, to a temperature of upvirards of 90^, 
vriU account for all the changes in its nature 
and appearance. 

The preceding remarks, explanatory of the 
origin of the liquor amnii, are founded on phy- 
siological facts, and supported by obvious and 
conclusive reasoning. I have not supposed 
the existence of any function which is not satis- 
factorily ascertained ; nor have I attributed to 
it inordinate or unusual powers. The same 
method of inquiry will probably account for- 
the production of the meconium, the bile, and 
other substances in the stomach and intestines 
of the foetus. 

It was stated in the preceding pages, that 
there is a great difference in those causes, 
which excite the action of the skin and the 
functions of the chylopoietic viscera of the 
foetus. The latter, for their operation, are de- 
pendent upon the digestive process, or are par- 
ticularly influenced by it. The action of the 
former is very much increased by the general 
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exercise of the intenial orguis, as is particu- 
larly evideot after birtb ; but it seems capable 
of contiDuing even during the immersiou of 
the foetus in tbe amnios, when the internal 
organs are inactive. 

Although there is this striking difference^ it 
is only in degree. The mucous membrane, 
the pancreas, and the liver, receive, during 
fcetal existence, arterial bloody in order to ren- 
der their organization complete ; and although 
they are not stimulated into extensive action, as 
at a subsequent period, by the digestive pro- 
cess> exercise, and other caujses, yet it is im- 
possible for them to be regularly supphed with 
sanguineous fluid without certain efFecte beli^ 
' produced, indicative of the partial activity of 
their ftinctions. The meconium, the bile, and 
other substances, are then the production of 
certain organs thus partially exercised. 

It has been asserted by those who imagine 
the qualities of the amnios to be nutritious^ 
that this fluid is digested by the foetus, which, 
in their of^nioc, receives it, and that the me- 
conium is the effect of this operation. This 
c^nion is supposed to be strengthened by the 
fact, that hairs have been occasionally found 
in the intestines of the calf, whidii must be 
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allowed to have descended with the liquor 
amnii into the stomach. That such a pheno- 
menon may occur is not improhable ; but the 
calf does not require eidier the amnios or the 
hairs. If this fluid passed into the stomach, 
there is not the slightest reason to suppose 
that it would «disc»rder the delicate system of 
the foetus. It co&tinues to grow in tibose cases 
'm which many ioiyortant orgaos are waiting, 
and it is consequently inconsistent to suppose 
that either « smdl or large quantity of the aim- 
nios would produce any derangement whatever. 
It is a matter of trifling impwtance, not at all 
af&cting the argument^ whether the mouth be 
wholly open or closed. 7%e meconium appears 
then i0 be nothing mere ikem the 4tdmiwture of 
the dij^ent secretions 4)/ the whdominai viscera, 
and is not, m any degree, the re^uM of a regtdar 
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THE NUTRITION AND PECULIARITIES OF THE FGETUS. 

After having so fully discussed the principles 
of foetal nutrition, it may probably seem alto- 
gether unnecessary to make any further obser- 
vation on the subject ; but there are several 
points still remaining unexamined, that are 
too interesting and important to be passed over 
in silence. I have endeavoured to prove that 
the nourishment of the foetus is derived ex- 
clusively from the arterial blood of the mother. 
This opinion has been supported by illustra- 
tions and arguments of a general and particu- 
lar nature, and in no instance have I had re- 
course to abstruse or unintelligible hypotheses, 
in order to remove any difficulties connected 
with the subject. How different has been the 
manner in which some other physiologists have 
pursued their inquiries, and endeavoured to 
establish their opinions ! 
. BiCHAT, in attempting to account for the 
extraordinary growth of the foetus, supposes 
certain vital properties or forces to exist, whose 
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nature aiid mode of operation are enveloped 
in the greatest mystery, and these are also 
brought forward by others, in explaining the 
actions of organic life. They seem not satis- 
fied with attributing to nerves, merely the 
powers which they are proved to possess, as 
motion and sensibility, to organs which secrete 
or absorb, an unknown mechanism, and to the 
blood, qualities essential to the various pur- 
poses of the system. Tlie human mind, in its 
eagerness to make new discoveries, is prone to 
render obscure what is plain ; always suppos- 
ing that something more lies concealed than it 
has yet found out. Continually hunting after 
novelty, it, therefore, often forsakes the legiti- 
mate objects of inquiry, and amuses itself with 
its own delusive creations. 

In this way, it ascends from obvious and 
simple facts, to others less apparent and more 
complex ; and from these again to others, 
which it is still less able to comprehend ; till, 
at last, it loses itself in the wildest and most 
absurd speculations, without being sensible of 
its folly. There is no science, in the study of 
which so evident a deficiency in the exercise 
of the common reasoning powers of the mind 
.has been manifested, as in that of physiology. 

u 
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It is often stated, with little credit to the 
medical profession, that, although our ac- 
quaintance with the animal system, and with 
general science, is more intimate and exact 
than that of our predecessors, our skill in the 
treatment of diseases has not made a progress 
proportionate to our knowledge. There is too 
much truth in the assertion. Ages distin- 
guished for superior information, instead of 
improving the inexact sciences to the degree 
that might be expected, are not unfrequently 
carried by extraordinary and unsteady im- 
pulses beyond the just boundaries or objects of 
philosophy, as the fine-mettled racer is hurried 
past the prescribed limits of the course, by the 
additional speed acquired in running over it. 
Although men of extraordinary talents enrich 
the world with splendid discoveries, yet it is not 
uncommon for the greatest errors in science, 
or drawbacks to its progress, to arise from the 
same individuals. They often perceive what 
is' true, but, dissatisfied with its obvious limits, 
and desirous of penetrating beyond them, they 
fill up the vast distance between what is known 
and unknown, with their own dreams and spe- 
culations. These, from the influence which 
the highly respectable authors of them exert 



OF THE FCETUS* 147 

OH public opinion, make an impression on the 
minds of others, mifavourable to the detection 
of error and the discovery of truth. This is 
one cause of the humiliating fact, that every 
age is employed in correcting the errors of that 
which preceded, and contributing its own, to 
be detected in turn by that which shall suc- 
ceed it. 

The discovery of the circulation of the blood 
will, ultimately, be acknowledged to be one of 
the greatest blessings ever conferred on man- 
kind. Its value has not yet been duly appre- 
ciated, llie mere knowledge that blood is 
constantly flowing tlurough the lungs and the 
system, according, in part, to the principles 
first laid down by the immortal Harvey, con- 
sidered separately, as an insulated fact, is of lit- 
tle importance; but the knowledge qftfte various 
modifications of which this fluid is susceptible, 
will, herea/ier,form a broad and immoveable bams 
for the grand principles in medicine. By ob- 
serving the influence of different seasons, the ef 
fects of disease, and the changes induced by other 
causes, on the sanguiferous system, we shall ascer- 
tain facts of universal practical utility. 

I am not, I beUeve, too sanguine in my an- 
ticipations, when I state, that an acquaintance 
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with these truths, will completely subvert the 
preseAt doctrines of nervous affections ; the 
prevalent ideas respecting the cause of animal 
temperature ; the common notions of the sus- 
ceptibility of the body to morbid action ; and 
the views generally taken of the origin of acute 
and chronic diseases, as well as many other 
corporeal derangements. 

BiCHAT, in endeavouring to account for the 
rapid development of the foetus, observes, — 
'' Ajoutons a la grande simpUcite de I'assimila- 
tion dansle foetus, la grande aetivite des organes 
qui y concourent, activity qui depend de la 
somme plus considerable de forces vitales qu' 
ils ont alors en partage. Toutes celles de Teco- 
nomie semblent en efFet se concentrer sur les 
deux systemes, circulatoireetnutritif ; ceux de 
la digestion, de la respiration, des secretions, 
de Texhalation, n'etant que dans un exercice 
obscur, n'en jouissent qu'a un faible degre : ce 
qui est de moins dans ceux-ci, est de plus dans 
les premiers. Si nous observons maintenant 
que les organes de la vie animale, condamnes k 
une inaction necessaire, ne sent le si^ge que 
dune tres-petite portion de forces vitales, 
dont le surplus reflue alors sur la vie organique, 
il sera facile de concevoir que la presque to- 
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talite des forces qui^ dans la suite, doivent se 
deplojer generalement sur tous les systemes, 
se trouve alors concentree sur ceux qui servent. 
a nourrir, a composer les parties diverses du 
foetus, et que par consequeot tout se rapportant 
chez lui a la nutrition et a V accroissement, ces 
fonctions doivent ^tre marquees, d cet ige, par. 
une energie etrangere d tous les autres."* 

That the system possesses certain vital pro- 
perties, which can move to different organs of 
the body, accumulate in one part of it, or di- 
minish in another, as they may be required, is 
an opinion almost universally prevalent, in one 
form or other, in medical works. The adopt- 
tion of this hypothesis saves the physiologist a 
great deal of trouble, in those cases in which 
he is desirous of solving difficulties, found to 
be inexplicable on any of the known operations 
of the system. The sensorial power of Darwin, 
the excitability of Brown, and the nervous 
ii^uence of Wilson Philip, are examples of 
these properties, of the existence of which, in 
the sense understood by their propounders, we 
have not the least evidence. That the consti- 
tution is endowed with certain vital powers, 

* Anatomie G^n^rale, Art. IX. De TOrigine et du Diveloppa^ 
mcnt de U Vie Organique. 
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capable of repairing injuries done to the body, 
of performing the process of nutrition and the 
different actions of organic life, and susceptible 
of excitation and depression, cannot for a mo- 
ment be doubted, fiut these powers, although 
truly extraordinary in their capabilities, are 
entirely dependent on arterial blood, or, in 
other words, are the oxygenated and nourishing 
qualities of this fluid acting in accordance mth 
the laws which regulate its circulation and its 
influence on the frame. The fcetus is not rapidly 
developed, in consequence of a concentration 
of vital properties, nor is its growth, as Bichat 
imagines, accelerated by the inactivity of certain 
functions. The arterial blood transmitted to it 
requires no elaboration in its own system to be- 
come nutritious ; and it is of no importance to 
the vessels which absorb andapply the fluid to tlie 
necessities of the body, whether it is produced 
and perfected in their own system, or that of 
another. The nutrition and growth of the foetus 
and of the adult are regulated by the same prin- 
ciples. When an organ is more abundantly 
supplied than usual with arterial blood, it is 
enlarged, and its function is often proportion- 
ably augmented. If the quantity of blood 
transmitted to the lower extremities is dimi- 



OP THE PCETUS. 151 

Dished by disease, they become emaciated; 
but, in Uiis case, are the vital properties, for- 
merly active in them, necessarily concentrated 
in some other part of the system ? Inflamma* 
tion, vrhether it attacks the heart, or the kid- 
neys, produces an enlargement of these organs, 
arising from their increased vascularity. 

Physiologists are continually alluding to the 
influence of mind on digestion and nutrition, 
observing that the vital enei^es, which ought 
to be properly divided between the animal and 
the .^c Lctions, <»e «&en «. much d>. 
sorbed by the former, as to prevent the healthy 
exercise of the latter. It is true, that great 
mental application is capable of deranging 
those actions essential to life, but not in 
the manner generally believed* The child, 
from its restless disposition, and incessant ten* 
dency to muscular motion, is subject to greater 
relative expenditure of vital power than the 
adult, yet its functions of digestion and nutri- 
tion are more active. If the foetus, at the 
seventh month of pregnancy, be supposed to 
provide for its own support in the uterus, by 
means of respiration and digestion, instead of 
these retarding its development, from a con- 
centration of vital properties requisite for their 
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action, they would accelerate its progress. 
Whenever the quality of the hlood is improved 
by muscular exertion, by the buoyant feelings 
of the mind, or by any other cause, every part 
of the body acquires greater vital energies. 
The improvement is general, because it is de- 
rived from the sanguineous fluid vrhich circu- 
lates throughout the system. 

It has already been stated, in the preceding 
pages, that the umbilical vein carries arterial 
blood from the placenta to the foetus. This 
opinion is supported by Drs. BosTOCK and 
Jeffrey. Physiologists in general are either 
opposed to this conclusion, or consider it doubt- 
ful.* It is really astonishing, that a subject so 
easy to investigate, and to decide by experi- 
ment, has been allowed to remain so long an- 
determined. From the kindness of my friend 
Mr. Carr, surgeon, Sheffield, I have been en- 
abled to prove, by an experiment of the simplest 
kind, that the umbilical vein circulates arterial 
blood. The following was the method em- 
ployed by Dr. Jeffrey : — He took part of the 
cord, and dissected away the gelatinous sub- 

* BiCHAT, treating of this subject, observes, ''Les faits precedens 
sufiisent au reste pour etablir, comme un fait incontestable, Tunifonnite 
du sang des deux ^st^mes ehez le fcstua.*' 
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stance of it, uutil he had laid bare the ves- 
sels^ wheD, on pimcturing them, he observed 
that there was a diiibrence of colour between 
the blood in the vein and the arteries. Many 
physiologists are said to have failed in this 
experiment From the tedious preparation 
which it required I did not succeed to my full 
satisfaction. But on taking part of the cord^ 
as soon as the child was bom, around which 
I had previously tied a ligature, about two or 
three inches irom the free extremity, and cut- 
ting this with a sharp scalpel, in order to make 
an ev^i surface, I very clearly discerned, on 
pressing the cord from below upwards, blood 
of a very difibrent colour, flowing from the 
umbilical vein and arteries. If the experiment 
does not fully succeed in the first instance, 
tie a ligature still farther removed from the 
end, and, having made a fresh surface, press 
gently from below upwaxds. Sometimes a 
large drop of florid blood is observed to stand 
Meetly over the umbilical vein, and another 
dark coloured over the arteries, without 
their being in the least mingled with each 
other, and, in this case, the difference between 
the two is so striking that no one can fail to 
observe it This experiment being so simple^ 

X 
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aod requiring no previous preparation, any 
individual of the most ordinary powers, or 
unscientific character, may easily perform it. 

It is an interesting and important inquiry 
whether the whole of the foetal blood flows 
through the umbilical arteries to the placenta, 
in the same time, as the whole of the san- 
guineous fluid of the mother circulates through 
the lungs, viz., in about three minutes. If 
such be the case, the foetus will have the whole 
of its blood renewed as frequently as that of 
the maternal system. There is certainly the 
same relation between the heart of the foetus and 
the quantity of hhod belonging to its body, as 
there is betiveen the heart of the adult and the 
quantity of blood circulating in its system. If 
this assertion be allowed to be correct, and 
it is almost impossible to deny its accuracy, 
we shall be able to estimate the difference 
between the properties of foetal and mater- 
nal blood. At every contraction of the left 
ventricle of the heart in the adult, a cer- 
tain quantity of blood is expelled, the whole 
of which must inevitably return to the right 
auricle and be sent to the lungs, before it 
can arrive at the point from which it de- 
parted. This revolution is supposed to be 
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performed in about three minutes. The blood 
transmitted at every contraction of the left 
ventricle of the heart of the foetus, does not 
return, in the same manner, to the right au- 
ricle ; one portion is sent to the internal ihacs, 
and conveyed from them Ao the placenta, by 
means of the umbilical arteries ; another pur- 
sues its regular course, circulating from arteries 
into veins, until it arrives at the right auricle, 
where it is blended with the arterial fluid de- 
rived from the umbilical vein which terminates 
in the vena porta and vena cava inferior. This 
pecuUarity in the circulatory system of the 
foetus appears calculated to produce blood of 
an inferior quality, and, indeed, the considera- 
tion of this circumstance, has induced Coleman, 
Professor of Veterinary Surgery, very incor- 
rectly, to call the foetal blood black.* 

The whole mass of the blood of an adult 
circiilates throughout the system once every 
three minutes, because the heart contracts about 
75 times per minute ; if it contracted oftener 
with equal or superior energy, the same quan- 
tity of blood would complete its revolution in 
considerably: less time. The heart of the foetus, 
instead of contracting 75 times per minute, 

* Coleman on Natmal and Suspended Regpiration, p. 45. 
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ooRtxijctB, at least, 120 thnes. lu consideiittg 
tliis subject^ we must not forget^ that there ig 
the same rdatwn between the heart df thefcetue 
and the quuntit^ of blood belonging to its body, 
as there is between thai of the adult and the 
quantity of blood circulating in its system. 

It is therefore obvious^ if the foetal heart 
contracts 120 times per minute, that the com- 
plete circulation of the blood in its system will 
be effected in almost half the time of that of 
tibe adult, and consequently, although venous 
blood is always mingling with the arterial fluid 
of the umbilical vein, the blood of the fcetus 
cannot be particularly deteriorated from this 
circumstance, because the whole mass is fre- 
quently renewed by the very numerous con- 
tractions of the heart. If this contracted 75 
times instead of 120, the relation between it 
and the mass of the circulating fluid remain- 
ing the same^ the arterial quaUties of the blood 
would be diminished almost one-half. 

The foramen ovale is a striking peculiarity 
of the foetus, and it is not d^cult to compre- 
hend its use. In the adult the blood passes 
from the ri^t cavities of the heart to the lungs 
in order to be oxygenated^ but, as the lungs of 
the foetus are perfectly quiescent, it would 
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have been not only unnecessary, but impos- 
sible, from their collapsed state, for the blood 
to circulate through them. The position of 
the f(Btiis is calculated to produce a consider- 
able diminution in the capacity of the diest, 
as will appear from the following description 
of it " The spine is bowed forward ; the 
head bended towards the knees ; the thighs 
are brought forward ; the legs bended back ; 
the arms hung down, but are drawn a little 
forward ; the hands and fingers are all bend- 
ed/'^ When it is bom, the lower extremities, 
that were before folded upon the abdomen, 
^xxd the head that was inclined towards the 
knees, assume other and very different posi- 
tions. The limbs are pendent, and the head 
becomes comparatively erect These alter- 
ations, by increasing the capacity of the chest 
admit into the lungs atmospheric air, which 
admission immediately changes the pecuUari- 
ties of the foetus. The blood that before 
flowed along the ductus arteriosus to the aorta 
now passes through the pulmonary artery io 
the lungs. As i^oon as these oi^ans are in- 
flated^ their capacity is increased to a very 
great extent, and the augmentation of surface, 

* MoNROf Edinburgh Medical Essays, Vol. II., p. 304. 
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for the distribution of blood, acts like a partial 
vacuum for the sanguineous fluid propelled 
from the right ventricle. It flows in the di- 
rection of the lungs, because it meets here with 
less resistance from their inflation, and the 
moire direct course of the pulmonary artery. 

As those causes which give the first perma- 
nent direction to the blood from the heart 
to the lungs, continue in constant operation 
during life, the ductus arteriosus is ultimately 
obliterated. This view of the origin of pul- 
monary circulation will enable us to explain 
the way in which \he foramen ovale is closed. 
During foetal existence the greater part of 
the blood received by the right auricle passes 
into the left through the foramen ovale ; but 
as soon as the lungs are inflated, this blood 
flows with greater facility to the right ven- 
tricle, and therefore, the pressure of the blood 
derived from the pulmonary veins, is as great 
upon the internal parietes of the left auricle^ as 
that upon those of the right, in consequience of 
which the valve is kept completely closed. 



CHAP. VIII. 

THE BKAINi THE SPINAL CORD, THE STOMACH, THE LIVER, 
THE PANCREAS, AND THE INTESTINES, ARE NOT ESSEN- 
TIAL TO F(ETAL LIFE. 

Deviations in the animal economy, from the 
usaal course of nature, are of infinite value in 
inquiries concerning the office of any individ- 
ual organ. It requires no ordinary powers of 
mind to discriminate the character and extent 
of assistance derived from a multiplicity of 
organs, as long as they exist and operate simul- 
taneously ; hut whenever they are defective in 
numher or conformation, it is then less diffi- 
cult to ascertain the particular functions of 
each. 

If physiologists had regarded monstrosities, 
as irregularities of nature, peculiarly adapted 
to indicate the character of those means which 
effect the diversified actions of the animal sys- 
tem, they would not, as they are at present, 
he enveloped in so much mystery and doubt. 
Prejudice in favour of preconceived opinions 
and theories, not unfrequently disables the 
physiologist from clearly perceiving the light 



160 ORGANS NON-ESSENTIAL 

which monstrosities throw on the operations 
and relations of organs. He, for example, 
who supposes that digestion, nutrition, and 
secretion are accomplished hj nervous influ- 
ence, is confounded when a well nourished 
foetus presents itself, in which neither hrain 
nor spinal cord exists; yet rather than lay 
aside his preconceived opinion on iJm suhjecf;, 
or take a more extended view of it, he has re- 
course to the most improhaible e^knation. 
If but a small portioa of brain exists^ this, he 
imagines is amply sufficdent to supply ihe ne- 
cessities of the £oetu5 ; if it be entirely want- 
ing, he condLudes it had an existence at the 
eonunencement of fiBtal life, but has since 
been absorbed by disease ; or he considers the 
ganglionic system, which is perfect, as fully 
qualified to supply the place of the brain -and 
spinal cord; or, pesrhaps, he still more pre- 
sumptuously asserts, that the tUetus is a kind 
ofGahanie battery ^ for the purpose ofjwmshing 
to thefmtus an abundance of its mysterious fmd. 
I have through the whole of this treatise, en- 
deavoured it) show that the foetus receives 
arterial blood, and, that therefore, the chyle* 
poietic viscera are not essential to its exist- 
ence. It has, also, been observed, that the 
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value of every organ in the adult, whose func- 
tion is of a 'primary nature, is proportionate to 
the quantity of chyle produced, which becomes 
arterial blood when oxygenated in the lungs. 

Since the foetus is in precisely the same cir- 
cumstances, in regard to nutrition, as a person 
would be who should receive arterial blood 
from without the system, it may be easily un- 
derstood why it continues to grow when desti- 
tute of brain, spinal cord, stomach, liver, or in- 
testines. Monstrosities are so far from furnish- 
ing any ground of objection to the views and 
explanations proposed in this treatise, that they 
even afford invaluable proofs of the correctness 
of every general principle advanced in it. 

It must be allowed, that the object of the 
functiom of the primary or gam is to provide the 
system with arterial hlood, and, this being grarUed, 
it is quite manifest that these functions are not 
essential to the foetus, as it is supplied with ar- 
terial hhod from another sofwrce. The imper- 
fections of organization, varying in degree and 
kind, lead to a knowledge of the individual 
actions of the different organs of the animal 
frame. When a foetus is observed to be sup- 
plied with nourishment, in which neither brain 
nor spinal cord exists, or in which the liver 

y 
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and stomach are wanting, the ohvious infer- 
ence is, that its nutrition is independent of 
these organs. Such facts simplify and, as it 
were, indicate the proper mode of investigat- 
ing the physiology of the foetus. They con- 
fine the attention of the mind to fewer objects, 
and illustrate the nature of those which are in- 
vestigated. The following observations of De 
Candolle, on the subject of vegetable mon- 
strosity, are extremely just and forcible : — 

" En particulier, toute cette nombreuse 
classe de faits, connue sous le nom de mon- 
struosites, qui ^tait impossible k comprendre 
dans Tancien syst^me, et qu'on affectait de 
mepriser pour se dispenser de les ^tudier, toute 
cette classe, dis-je, a pris une clarte et un in- 
terSt nouveau, depuis qu'on les a vus sous leur 
vrai point-de*vue, savoir comme des indices 
pour reconnaitre la sym^trie normale ou pri- 
mitive des ^tres. Les monstruosit^s sont, pour 
ainsi dire, des experiences que la nature fait 
au profit de Tobservateur : la nous voyons ce 
que sont les organes^ quand ils ne sont pas 
sondes ensemble; ici nous reconnaissons ce 
qu'il^ sont r^ellement, quand une cause acci- 
dentelle ue les a pas empeches de grandir* Et 
en partant ainsi de I'opinion, que la nature 
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primitive est la sym^trie, que rirregularite est 
le produit de diverses causes qui alt^rent cette 
symetrie, nous concevons que les monstruosites 
sont dues h, certaines variations dans ces causes, 
et qu elles peuvent, par-consequent, tantot nous 
faire connaitre les causes de derangement quand 
leur action a ete augmentee ou debarrassee de 
toute complication ; tantot nous montrer I'etat 
S3rmetrique^ quand les causes qui Talt^raient 
out et6 ou afFaiblies ou d^truites."* 

However imperfect the foetus may be, pro- 
viding it can circulate the arterial blood it re- 
ceives, it will continue to grow. Its chylo- 
poietic viscera are not intended for immediate 
action, and consequently their co-operation is 
not required by the foetus. For the following 
highly interesting case of monstrosity I am in- 
debted to my friend W. Jackson, Esq., Sur- 
geon and Lecturer on Anatomy in the Shef- 
field Medical Institution : — 

Mary Ward, aged 9Sy married woman, was delivered of her ninth 
child at 6 P. M.» February 12, 1824. During pregnancy no symp- 
toms occiuredi excepting such as are peculiar to that state ; but she 
presented a certain unhealthy appearance, indicated by a full, flabby, 
and somewhat anasarcous state of the body generally. She had 
suffered an abortion about twelve months previously to this labour. 

The in&nt was of the female sex— full grown, strong, and vigor- 
ous; and every function appeared to be performed correctly. Its 

* Organographie Vegetale, Tome XL, p. 2j?0. 
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weight was seven pounds. The pulsations of the heart were 110 in 
the minute^ and quite natural: no embarrassment in the breathing. 
The child never cried in a loud tone, but uttered a low moaning noise, 
such as newborn children will frequently make when free from much 
excitement. The feces and urine were regularly evacuated ; and a 
frequent motion of the jaws and lips was obaenred. Fluids wer^ 
swallowed yrith facility, and apparent eagerness. Every part of the 
body was well formed, except the head, the appearance of which was 
extraordinary. The superior vaulted part of the cranium was wanting. 
The eyes, which appeared unusually prominent, seemed on a level 
anteriorly with the horizontal section of the skull. Upon the centre 
of the cranial bone appeared a membranous bag covering a mass of 
the size of a large orange, divided into two hemispheres by a longi- 
tudinal depression. This substance was irregularly lobulated, and its 
consistence and colour were similar to those of the placenta or liver, 
and exhibited a very vascular structure. It communicated with the 
subjacent parts by a narrow neck. When pressure was made upon 
this substance, much apparent suffering was produced, and if the 
force was augmented, motion and respiration ceased. 

The surface of the body appeared somewhat livid 18 hours after 
birth : 30 hours after the birth the cry became rather indistinct. At 
the end of 50 hours it had ceased to moan or cry, appeared some- 
what livid and shmnk. The fine transparent membrane covering the 
tumour had lost its lustre, and had become shrunk. 

Vomiting now frequently occurred ; but the urine and feces were 
regularly evacuated. On various occasions, it was presented to its 
parent's breast, but never displayed any disposition to suck. The 
cohering of the tumour now presented a livid colour, and the linen 
covering was soaked in the sanious and offensive discharge which 
issued from the parts. Sudden starts, and deep sighs, were now fre- 
quently noticed. This extraordinary being never opened its eye-lids, 
owing, it is probable, to the absence of muscular structure of these 
parts, as the os frontis terminated upon the plane of the superciliary 
ridges, or, it is as probable, from the defect of the nerves supplying 
the muscles of the face with power. To all appearance this child en- 
joyed the repose of sleep for a few hours on various occasions. 
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The subject of this case died on the 4^ day, or 9% hours after its 
birthy and might be justly said, for the first two days, tp have been, 
with the exception of the heady a healtl)y-lookingy and vigorous in- 
fant. 

Several examples of acephalous, or an anencephalous fistuses (of which 
latter denomination this is an instance,) are recorded by writers in all 
ages ; but in no instance did any of them survive for so long a period 
as in this case. They are almost all said to have been vigorous in their 
uterine existence, but appeared unable to support independent life. 
No motion of the iris occurred on the application of a strong light; 
but on a sudden noise occurring, the child appeared greatly agitated, 
proving the organ of hearing to be capable of performing its function. 

POST MORTEM XXAMINATIOK. 

Thb tumour extended by a membranous connexion through an 
opening occasioned by a deficiency of the bone, situated about three 
inches posterior to the orbits, and the posterior part of its base, by a 
similar connexion, passed down the spinal canal, and between these 
two openings was a firm long projection of an irregular figure. The 
anterior cavity was divided by a strong septum of bone of an irregular 
figure situated in a vertical direction. These cavities communicated 
anteriorly with the orbits, and posteriorly with the spinal canal. Na- 
ture appeared to have been particukrly solicitous about preserving the 
integrity and due ci^dty of the oibits, and the optic foramina. The 
sinuses formed between the orbits and the bone of the tumour extended 
about 2} inches. The bone of the cranium was of great thickness, 
and extremely irregiilar in its figure intemaDy. A section of the tu- 
mour presented a mass resembling the placenta, containing throughout 
various sized cavities lined with a fine membrane, and filled with a 
limpid serum. This substance did not extend along the spinal canal, 
which was filled with the same kind of straw-coloured serum, like that 
which was contained in the cells of the tumour. There appeared 
some very slight traces of medullary substance, but we were not sa- 
tisfied wheflier it was so or not. 
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The above case of monstrosity is not so ex- 
traordinary as some that are recorded, but it is 
valuable, as it shows that the foetus, although 
destitute of brain and spinal marrow, received 
sufficient nourishment. Other cases might be 
mentioned, in which not only the brain and 
spinal cord were wanting, but also the princi- 
pal abdominal viscera without the process of 
nutrition being in any degree lessened. For 
a full account of them the reader may consult 
the learned paper of Mr. Lawrence, in the 
Medico-Chirurgical Transactions,* and the 
London Philosophical Transactions. 

* Vol. v., p. 165. See also Bostock's ElemenUry System of 
Physiology, Vol. II., p. 41 S. 



CHAP. IX. 

ON THE FUNCTIONS OF THE LIVER, THE SUPRA- VENAL CAP- 
SULES, THE THYMUS, AND THE THYROID GLANDS IN 
THE FGBTUS. 

It is well known that these organs are pro- 
portionally much larger in the foetus than in 
the adult This striking difference in their 
size is ptohably occasioned by the great dissi* 
milarity in the circulation of the blood before 
and after birth. In the infant there is a na- 
tural and constant tendency to indulge in 
muscular exercise ; its frequent cries, and those 
external objects which almost incessantly call 
forth the expression of its various feelings, pro- 
duce one general effect, viz. a more equable 
di^ribfUion of blood. 

It is impossible for the circulatory system to 
be thus influenced, without, at the same time, 
more completely oxygenating the sanguineous 
fluid, and thus increasing its stimulating qua- 
lities, which produce and support a state of cir- 
culation that has, in the experimental inquiry, 
been called external. In the foetus these ex- 
citing causes are altogether wanting ; since in 
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that there are neither continual contractions 
of the muscles, nor exhilarating states of mind ; 
the heart alone being employed in diffusing 
the blood throughout the system. If, there- 
fore, the blood circulates, in the infant, more 
equably throughout the body, from the co- 
operation of many causes, it is obvious that in 
the foetus, in which most of these causes are 
absent^ and others but imperfectly brought into 
action, the greater portion of this fluid being 
less favourably situated for general diffusion, 
will, consequently, be distributed to the inter- 
nal oi^ans, creating a state of circulation, which 
has been called in the work, to which I have 
just alluded, internal. 

To prove the correctness of this opinion, it 
is only necessary to mention, that when the 
surface of the adult system is constricted by 
cold, or when the qualities of the blood are 
deteriorated by feelings of a depressing nature, 
the sanguineous fluid becomes rather internal 
than external in its circulation, and the whole 
of the abdominal and thoracic organs become 
congested, in a degree proportionate to their 
organization, situation, and function. From 
pain experienced in the chest, and the diffi- 
culty of breathing occasioned by irregularities 
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in the distribution of the blood, it may pro- 
bably be imagined that the lungs are congested 
to a greater extent than any other organs, but 
I am disposed to think, if the cause of these 
irregularities be general, the lungs are not so 
considerably engorged as the liver and the 
spleen, although these may give no particular 
indication of congestion. The former, from 
the delicacy of their function, and its vital im- 
portance to the well-being of the system, are, 
perhaps^ sooner deranged than any other parts 
of the body. 

The circulation of blood in the lungs, is 
more regular than in the liver and the spleen, 
on account of their .vicinity and very intimate 
relations to the heart : from these and other 
causes, congestion will take pla^e^ to a less ex- 
tent in the thoracic^ than in the abdominal 
organs ; yet the formeot will be more sensibly 
affected. 

The internal character of the circulation in 
the foetus, jwobably, arises from three causes: — 

1. Th^ circulating Jiuid in the foetus being an 

admixture of venom and artmal blood, is, there-- 

fore, not so stimulating to the heart and arterial 

system, as that of the aduU, which is perfectly 
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2. The non-existence of miLscular motion, 
which improves the qualities of the blood, and in- 
vigorates its circulation. 

3. The absence of exhilarating emotions, and 
occoMonal internal stimulants, a^ food and 
drinks. 

Taking this view of the subject, the accu- 
racy of which can scarcely be called in ques- 
tion, an engorgement of the abdominal organs 
of the foetus, ought not to be a matter of sur- 
prise, since it is a natural and necessary effect 
of the internal distribution of blood. It would, 
in my opinion, have been more extraordinary, 
if these organs had not been found in a state 
of congestion, because, in that case, the views 
which I have stated in the Experimental In- 
quiry, and which are, I beUeve, generally al- 
lowed to be fully established, explanatory of 
the manner in which the circulatory system of 
the adult is influenced by cold, muscular exer- 
cise, and the various emotions of the mind, 
would have been incorrect. We may, there- 
fore, conclude, that the large size of the Uver in 
the foetus, arises from the great quantity of blood 
which it receives, and the inactivity of those 
causes which invigorate the general circulation. 
The supra-renal glands are also observed to be 
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very large in the foetus. These I am inclined 
to consider diverticula, operating more or less 
in every period of life, in order to secure the 
proper and regular action of the kidneys, which 
are liable, at times, to be disordered by irre- 
gularities in the circulation. Natinre has, 
throughout the animal economy, protected the 
most essential organs from sudden destruction 
or derangement. The five senses have their 
appropriate means of preservation ; the heart 
and tiie lungs are secure from external injury 
by the strong parietes of the chest, and from 
occasional congestions by the liver and the 
spleen ; and other organs, as the kidneys and 
the larynx, have also auxiliary appendages, 
which render them less liable to disorder. 

There is a striking difference between the 
structure of those organs which direcfly sup- 
port the system by their respective functions, 
and that of others, which I suppose to act 
wholly, or in part, as diverticula. Ths former 
are susceptible of increase of volume in one way 
only, by an accretion or growth of new matter ; 
the latter are capable of great augmentation, with- 
out any permanent addition being made to their 



The heart and the kidneys, for instance, in 
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coDsequence of inflammadoD, or the circula- 
Uon of blood of a highly nutritious quality, are 
sometimes augmented to twice their usual 
sise ; but when the cause which produces this 
enlargement ceases to operate, no diminution 
of these organs takes place. The liver, the 
spleen, the supra-renal capsules, and the thy- 
roid gland, on the contrary, though often very 
much enlarged, from internal determinations 
of Mood, arising either from cold, disease, or 
depressing emotions, return to their natural 
size, when the cause of the augmentation is 
removed. This difference in the structure of 
oi^ans, and the peculiarities of the circulation 
before birth, sufficiently account for the great 
size of the liver, the supra-renal capsules, the 
thymus, and the thyroid glands, in the foetus. 
These, from their organization, admit of great 
increase ; and as the blood is internal in its 
distribution, their enlargement is a necessary 
consequence. The thyroid gland, from its 
stmcture, a»d relations to the larynx, is well 
calculated to {Nrotect the organs of voice. TTie 
thymus gland, probably, performs, though in a 
less degree, the same office in the child, until 
these parts are fully formed. 

From the congesticxn of the abdominal^ and 
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other organs of the body, at the time of birth, 
it cannot be denied, that a greater proportional 
quantity of blood is then circulating in them, 
than some months after this period. Is not this 
additional quantity to be regarded as a reservoir 
from which those parts of the body are supplied, 
which receive but little of this fluid during 
foetal existence"? The lungs, the extremities, 
and the surface of the body, are possessed of 
no more blood than is absolutely necessary for 
their development; but, immediately after 
birth, great modifications take place in its dis- 
tribution. The lungs, that were previously col- 
lapsed, become inflated with air, the capacity of 
the chest is increased, and a considerable pro- 
portion of blood is sent to the thoracic organs ; 
the extremities, from their altered position and 
frequent action, require an additional quantity 
of blood ; and the surface of the body, from 
the co-operation of many causes, as the stimu- 
lating eflects of atmospheric air, muscular mo- 
tion, and the more highly oxygenated proper- 
ties of blood also, requires a greater supply of 
this fluid. If the system, at this time, did not 
possess a superabundance of blood in the in- 
ternal organs, would not those parts of the 
body, which I suppose to be supplied from it, 
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be imperfectly supported, until the ingesta of 
the infant had created a sufficiency of arterial 
blood ? Whether these views be fully or par- 
tially received, it will not be denied, that the 
enlargement oi the abdominal and other organs 
in the foetus, is explained on principles which 
have been minutely and, I trust, satisfactorily 
stated in the Experimental Inquiry, in which 
I have shown how the circulatory system of 
the adult is influenced by various causes. 



CHAP. X. 

THE MODE OF NOURISHMENT IN THE OVIPAROUS AND THE 
OVO-VIVIPAROUS ANIMALS. 

1'he more we study the operations of nature, 
the more we are convinced that she 

** Acts not by partial, but by general laws." 

This fact is proved by a patient and extensive 
investigation into the designs and actions of 
animal and vegetable life. Whenever the 
principle of vitality is connected with organic 
instruments, whether they adapt the plant to 
one particular spot, for tiie purpose of vegetat- 
ing awhile, and then dying, or enable the ani- 
mal — organization in it being more perfect and 
diversified — to gratify its complex wants, the 
existence and transmission of life are secured 
by similar laws. The external forms of ani- 
mated nature are almost innumerable. In 
the production of these, the Creator appears to 
be lavish of his means, as if acting indepen- 
dently of any- pre-ordained plan, or as if de- 
sirous of exhibiting the unlimited extent of 
his power : but, although his works are thus 
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infinitely varied in form, the provisions essen- 
tial to life, as absorption, assimilation, and 
aeration, are of the same general character in 
every living and animated being. If we con- 
fined our view to the various external forms of 
organized nature, without regarding the uni- 
versal properties that pervade the animal and 
vegetable kingdoms, we might be incKned to 
deny the correctness of this important principle, 
or to conclude, at least, that in the present 
state of our knowledge, it was not suflBciently 
established. Its truth or falsehood can be 
determined only by ascertaining what func- 
tions of those which support life, in the most 
perfect animals, are primary, and what are se- 
condary. In the preceding chapters, I have 
endeavoured to show, that the object of the 
primary functions is to produce arteriaUzed 
blood, understanding by this term, a fluid pos- 
sessing oxygenated and nourishing properties ; 
and that when these functions are multiplex, 
as in man, the secondary are proportionally 
numerous and active ; the latter are to be re- 
garded as effects, the former as causes. 

In confirmation of this view, I have ob- 
served, that in the most simple forms of animal 
and vegetable life, the organic instruments in- 
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dispensably requisite to support existence are 
few, that those organs, therefore, whose office 
is to remove the non-essential products, are 
also few. But, however low we descend in 
the scale of being, there are certain parts of the 
system which are always perfect, viz : — those 
which absorb nourishing materials from mthout, 
and those, which, by means of atmospheric air 
effect certain chemical changes ivithin. It is by 
the employment of these, according to general 
principles, from which she never deviates, that 
nature has preserved a surprising uniformity in 
all her works. 

If the benevolent Author of Life had been 
solicitous to provide for the existence only of 
his creatures. He would not have bestowed on 
them so great a variety of forms, such differ- 
ent degrees of motion and sensibility, and such 
a diversity of oi^anic adaptations, as we ob- 
serve throughout the extended range of his 
productions. The numerous superabundant 
properties He has added to the apparatus of 
means, necessary to preserve existence in the 
series of animated beings, ascending by very 
gradual steps, from the simplest development 
of animal life, to the complex construction of 
the human frame, " fearfully and wonderfully 

AA 
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made/' are evidently designed to contribute to 
the greater happiness of each, and to fit it for 
its particular place in creation. Whether we 
watch the sports of the finny tribe on a fine 
evening in summer, or observe the playful 
motions of the insect race, or listen to the 
melodious strains of birds, or take a general 
view of the manifestations of enjoyment, as 
exhibited by animals of every kind, both wild 
and tame, or notice the indications of pleasure 
in the human race, physical as well as mental, 
we are compelled to acknowledge that the 
great and good Creator has bestowed not only 
life, but innumerable bless^ings in connexion 
with it, on all the beings He has made. " Sic 
natura, ceu benigna ac indulgens mater, abun- 
dare potius superfluis, quam in necessariis 
deficere maluit." 

The diversities apparent in the animal and 
vegetable kingdoms, in the external forms, in- 
ternal adaptations, and various powers belong- 
ing to living matter, have a tendency to render 
extremely difficult a knowledge of the prin- 
ciples, in themselves few, simple and universal, 
observed in all the works of nature. As one 
not deeply versed in mechanics is apt to be 
confused in attempting to appreciate the re- 
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lative value of the different parts of a machine 
which is complex in its construction, so he, 
who endeavours to ascertain the important 
laws which regulate the economy of nature, if 
he neglect to strip the objects he investigates 
of properties bestowed upon them for the wisest 
of purposes indeed, but not for the support of 
life, is liable, at every step, to be perplexed or 
to form theories respecting the subject of his 
investigations which are partial and imperfect. 
He, who studies the laws of motion belonging 
to inert matter will find all his efforts vain to 
comprehend or apply them to any useful pur- 
pose, unless he first confine his attention to 
the simplest examples which illustrate them. 
By the study, however, of such examples he 
will readily discover the primary or essential 
principles of motion, and will afterwards be 
able to perceive amidst die greatest multipli- 
city of parts and variety of action, a strict 
adherence to general laws. By adopting a 
similar plan, — by a close and careful inspec- 
tion of those living productions, whose organi- 
zation is of the simplest description, the inves- 
tigator of the operations of nature will readily 
perceive the means by which vitality is main- 
tained in them, and as he traces the gradual 
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rise in the scale of being he will find the same 
means continaally employed under every dif- 
ference of external form or appearance. If 
this mode of juc^ng nature had been strictly 
followed in physiology, we should long since 
have possessed correct and settled notions con- 
cerning the vital functions of the body, and 
the cultivators of this science, instead of attri- 
buting, as they have done, the most important 
powers to nerves or imaginary principles, 
would have referred them to organs that exists 
under different fonns, throughout the whole 
extent of the aniifial and vegetable kingdoms, 
and not to those which belong only to a part 
of the animal creation. 

The same method which I have recom- 
mended as proper to be pursued in order to 
arrive at a knowledge of the primary or essen- 
tial functions of animal and vegetable life, 
ought to be adopted for the purpose of ascer- 
taining the general laws which regulate the 
nutrition of the ova of oviparous and ovo-vivi- 
parous animals. In reviewing the different 
opinions which physiologists, both ancient and 
modem, have entertained on this subject, it is 
to be regretted that a more frequent recur- 
rence to the sound principles of philosophy, 
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has not characterized their laborious and va- 
luable exertions. Harvey devoted many 
years to this part of comparative physiology, 
but his observations upon it, are not distin- 
guished by that comprehension of mind and 
correctness of reasoning, which are so strik- 
ingly displayed in his well-conducted experi- 
ments and their ingenious application, to de- 
monstrate the circulation of the blood. 

The spirit of generalization, which ought, 
at all times, to keep pace with our advance- 
ment in science, has led him into palpable 
absurditieis. In regarding the nourishment of 
the embryo in the egg, as depending on the 
contents of the shell, the yolk and albumen, 
and the conjoined action of air derived from 
the atmosphere, he has not brought forward 
t\ny original opinion, though the correctness of 
tl is view is not to be doubted : but, in apply- 
ing these facts and reasoning to elucidate 
the difficulties connected with the nourish- 
ment of the human foetus, he has erred. The 
analogy which, in the following passage, he 
states to exist between them is only imaginary, 
since they have no resemblance, whatever, to 
each other. " Manifestum itaque est, in iUis, 
atque etiam in his (ceeterisque forsan omnibus) 
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animalium vivipaxorum speciebits^ embryo- 
nem non aliter in utero^ quam pnllum in ovo^ 
sustentaii; ex eadem scilicet materia alibili, 
specieque simili albuminis nutrimento. Enim- 
vero ut in ovo, vasorum umbiHcalium fines 
in albumine et vitello terminantur : ita pariter 
in cervis et damis, aliisque^ quibus hujusmodi 
carunculse insunt ; ultima vasorum umbiHca- 
lium orificia, in humores, qui intra conceptum 
continentur ; inque albumen, quod in aceta- 
bulis cotjledonibusve istis est, aperiuntur, et 
desinunt"* 

Sir E, Home has deviated as widely fi-om 
the truth in the hypotheses which he has 
formed to explain the aeration of the blood in 
the human foetus. Having observed, as Har- 
vey had previously done, in regard to the 
oxygenation of the blood in the egg, the vari- 
ous contrivances of nature, in the different 
classes of oviparous and ovo-viviparous ani- 
mals, for the purpose of aerating the sanguine- 
ous fluid, he concludes without sufficiently 
taking into consideration the dissimilarity of 
the circumstances, in which the embryo of the 
oviparous species and of the two preceding are 
placed, that the blood of the former is oxy- 

* Exercitatio LXIX. 



AND OVO-VIVIPAROUS ANIMALS. 183 

genated from its exposure to the arterial fluid 
of the mother. As this is the only connexion 
he allows to exist between the foetus and the 
parent, he is under the necessity of granting, 
that every thing belonging to the foetus, viz., 
its gradual growth and constant nourishment, 
is the result of the oxygen which it is thus 
supposed to receive. " In quadrupeds in ge- 
neral, and the human species, the foetal blood," 
he observes, " is aerated in a very different 
manner from that which has been described ; 
for, although the foetal circulation sends a por- 
tion of its blood to the whole of the mem- 
branes in which the embryo is inclosed, as in 
oviparous animals, the influence of the exter- 
nal air is excluded from the coats of the uterus, 
to which these membranes every where ad- 
here. The fwtal blood, is, however, close enough 
to that in the vessels of the uterus, to have the air 
in the maternal blood communicated to it.'' 
" From the series of facts which has been de- 
tailed," he continues, " it appears that oxygen 
is essentially necessary for the action of the 
vivifying principle in all classes of animals ; 
and, that it is not simply applied to the bloody 
but mixed with that fluid while circulating in 
the arteries, since, if this were not the case, 
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there would be no means of aerating the foetal 
blood in the higher orders of animals."* No 
one can doubt the necessity of the presence of 
oxygen for the purpose of promoting the vital 
operations of the animal and vegetable sys- 
temsy but, from his explanation of the mode 
in which this is accomplished during utero- 
gestation^ he seems not to be acquainted with 
the very opposite means which are employed 
to effect the same purpose. 
. In the preceding chapters, I have shown, 
that the human foetus is supported by the ar- 
terial blood of the mother, and, therefore, has 
no occasion, whatever, for those peculiar adap- 
tations which have been universally provided 
for the nourishment of the embryo belonging 
to oviparous and ovo- viviparous animals. In 
the viviparous the foetus is connected with 
the uterus by means of one placenta, which 
receives the blood of the mother and trans- 
mits it to the foetus, whilst, at the same time, 
it receives the venous blood of the foetus, and 
conveys it to the maternal system. ITie or- 
ganic contrivances which secure this mode of 
circulation and oxygenation are common to 
the whole class of viviparous animals ; but 

* London Phil. Trans., Part XL, 1810. 
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they differ materially in number, form, and 
m^nitude in different species, "The pla- 
centa of the biscula is divided into numerous 
cotyledons, the structure of which is very in- 
teresting, as it elucidates the whole physiology 
of this organ. The parts designated by this 
appellation are certain fleshy excrescences 
(glandulsB uterinae) produced from the surface 
of the impregnated uterus, and having a cor- 
responding number, of flocculent fasciculi of 
blood vessels (carunculae) which grow from the 
external surface of the chorion, implanted in 
them. Thiis the uterine and foetal portions 
of the placenta are manifestly distinct from 
each other, and are easily separable as the 
foetus advances to maturity. The latter only 
are discharged with the after birth, while the 
former, or the cotyledons, gradually disappear 
from the surface of the uterus after it has parted 
with its contents. The number and form of 
these excrescences vary in the different genera 
and species. In the sheep and the cow, they 
sometimes amount to a hundred. In the 
former animal, and the goat, they are, as the 
name implies, concave eminences ; while, on 
the contrary, in the cow, deer, Sec. their sur- 
face is rounded or convex."* t 

* BlUmenbach's Manual, translated by Lawrence, p. 358. 
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It is not necessary to state the various 
peculiarities, in the different species of ani- 
mals, of these organs which unite the foetus 
to the uterus of the parent, for, whatever be 
their form or number, they perform the same 
important functions ; and the general princi- 
ples which regulate the nourishment of the 
human foetus, operate in the same manner, in 
every instance, in which the young are thus 
intimately connected, by means of placentae, 
with the mother. 

I shall now endeavour to show the obvious 
difference which exists between the nutrition 
of the foetus in the viviparous, the oviparous, 
and the ovo-viviparous animals. When the 
embryo of the viviparous is first perceived, it is 
not imbedded in a vast quantity of albumi- 
nous or nourishing matter, from which it is 
to draw its future sustenance, but is enve- 
loped in an almost pellucid fluid, only a 
little more apparent than itself: after some 
days, when it is distinctly seen, it is firmly at- 
tached to the surface of the uterus, the con- 
nexion becoming more extensive as the foetus 
is developed, and the waters, in which it is 
immersed, increasing in quantity, in propor- 
tion, as it approaches the period of parturition. 
But when the embryo of the oviparous, or the 
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ovo-viviparous animals^ is first observed, it is 
imbedded in the j'^olk and albumen, or in a 
gelatinous fluid, its future and only means of 
nourishment ; and as the time of its expulsion 
draws near, the contents of the egg diminish, 
until, at last, not a particle remains. 

Harvey, observing that the foetus of vivi- 
parous animals, when the time of its expul- 
sion had nearly approached, was suspended in 
an abundance of watery fluid, imagined that 
this fluid bore the same relation to the young 
which it contains, as the yolk and albumen 
bear to the embryo which is inclosed by them. 
On the strength of this supposed analogy, he 
makes the following assertion : — " Ego nihilo- 
minus fidenter assero, dictos humores ab initio 
foetui pro alimento esse; quemadmodum col- 
liquamentum et albumina puUo in eum inser- 
viunt."* 

There are three striking difierences which 
completely demonstrate the inconsistency of 
this analogy. 

In the first place, the embryo of viviparous 
animals is always connected with the uterus 
by means of one or more placentae. In the 
oviparous, the foetus is contained in an egg, 

* De uteri membranis et humoribas. 
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and has no union whatever with the indi- 
vidual which has produced it. In the ovo- 
viviparous, the young is immersed in a nutri- 
tious fluids hut the membrane which envelopes 
it is not hard like the shell which surrounds 
the young of the oviparous, and although re- 
tained by the parent until it is fully deve- 
loped, and capable of providing for itself, yet, 
during the time of its retention, it has a3 little 
vascular connexion with the mother as that 
of the oviparous. 

Secondly, The fluid in which the foetus ol 
viviparous animals is suspended, augments 
in quantity as the period of parturition ap^ 
proaches ; the albumen and yolk of the egg, 
in which the ovum of the oviparous is placed, 
and which are supposed to serve a purpose 
analagous of this fluid, diminish as incubation 
proceeds. 

Thirdly, The ova of the oviparous and of 
the ovo-viviparous have certain manifest rela- 
tions to the external world, which the foatus 
of the viviparous has not. 

These general and important differences are 
quite sufficient to show 4he inaccuracy of the 
analogy supposed to exist in the mode of nu- 
trition between the foetus of the viviparous and 
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the young of the oviparous and the ovo-vivi- 
parous animals. The embryo of the oviparous 
is, as I have just stated, imbedded in the yolk 
and albumen, which are calculated to supply 
its necessities until it is fully formed, and is 
also possessed of organic adaptations which 
are fitted to aerate its^ circulating fluids. The 
organs of the incubated ovum do not in the 
least contribute towards the elaboration of the 
food which is essential for the growth of its 
various parts ; and, thearefore, certain contriv- 
ances, external to itself, must exist, in order to 
effect preparatory changes on whatever is in- 
tended for nutrition. The yolk and albumen 
are contained in separate membranes, and to 
promote, most probably, their absorption, there 
are two tassel-like appendices, called chaJaasB, 
hanging from two opposite points of tHe exter- 
nal surface of the yolk-bag, andi extended into 
the albumen. These seem to be entirely 
composed of vessels, and are, consequently^ 
well adapted to absorb the albumen, and to 
carry it to the yolk-bag, the membrane with 
which they are connected, where it is assimi- 
lated to the blood, and appUed to the nutrition 
of the embryo. 

In the internal surface of the yolk-bag, in- 
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numerable vessels, with flocculent extremities, 
are found, intended, apparently, to perform in 
the yolk a function analagous to what is ac- 
complished by the chalazse in the albumen. 
" From the fourth day, when the chicken has 
attained the length of four lines, a vascular 
membrane, chorion, or membrana umbilicalis, 
begins to form about the naval, and increases 
in the following days with such rapidity, that 
it covers nearly the whole inner surface of the 
shell within the membrana albuminis during 
the latter half of incubation. This seems to 
supply the place of the lungs, and to carry on 
. the respiratory process instead of those organs. 
The chorion, that most simple, yet most per- 
fect temporary substitute for the lungs, if ex- 
amined in the latter half of incubation in an 
egg very cautiously opened, presents, without 
any artificial injection, one of the most splen- 
did spectacles that occurs in the whole organic 
creation. It exhibits a surface covered with 
numberless ramifications of arterial and venous 
vessels."* 

Similar contrivances to oxygenate the blood 
in the incubated egg, exist throughout the 
whole class of oviparous animals. The ova 

* Blumenbach's Manuali translated by Lawrence, p. 372- 
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are sometimes aerated by means of water, in- 
stead of atmospheric air, as those of salmon 
and trout ; but in these instances, the mem- 
branes which envelope them, are similarly cir- 
cumstanced to those of the chicken. No part 
of animated nature can exist without the pre- 
sence of oxygen. This not only forms water, 
in its union with hydrogen, but is also diffused 
throughout this fluid. Hence the ova of cer- 
tain fishes placed in the sand, and suppUed 
with water, are acted upon by the oxygen it 
contains, in the same manner, as the egg dur- 
ing incubation, by atmospheric air. ITie ova 
of the ovo- viviparous are retained in the ab- 
domen of the parent until the young are suffi- 
ciently developed to maintain their individual 
existence. 

Although these are apparently so intimately 
related to the mother, there is no. vascular con- 
nexion whatever between them and her, nor 
do they derive any sustenance firom her. They 
are enveloped, like the embryo in the egg, 
in membranes filled with a gelatinous sub- 
stance, which is absorbed and elaborated for 
the purposes of nutrition. " When the young 
dog*fish is completely formed, the yolk re- 
mains attached to the belly by a long chord 
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consisting of blood vessels, and the fish swims 
about in the surrounding jelly with this at- 
tached to it. If the bag is torn, and the fish 
is taken out and put into water, it swims 
about ; but if the vessels going to the yolk are 
wounded, the fish immediately dies."* 

The ova which axe retained in the abdomen 
until the young are fully formed, have the 
blood oxygenated by means of sea water or 
atmospheric air, which easily passes to them 
through certain natural apertures. It is there- 
fore evident, that the ova, of the oviparous and 
the ovo-viviparous ietre nourished in the same 
manner. 

The view which I have now given of the 
subject treated in this chapter, shows the soli- 
citude of nature to secure a regular supply of 
oxygen to the ovum, whether immersed in 
water, or subject to the action of atmospheric 
air. Although, then, we may be disposed to 
agree with Sir E. Home, in regard to the ne- 
cessity of oxygen, yet it is obvious he has 
erred in endeavouring to explain the manner 
in which the fo&tus of viviparous animals has 
its blood aerated. In neglecting to take into 
account the great dissimilarity in the circum- 

* London Pliil. Trans., Part II., 1810. 
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stances of the foetus of viviparous, and those of 
the ovum of the oviparous animals, he has de- 
viated from the sound principles which ought 
to direct our investigations into the works of 
nature, and has, consequently, advanced an 
opinion, which a carefiil study of the laws of 
the animal economy proves to be incorrect. 



c c 



CHAP. XL 

THE INFLUENCE OF THE IMAGINATION OF THE MOTHER ON 
THE DEVELOPMENT AND CONSTITUTION OF THE FCETUS. 

The mind has, in all ages, been supposed to 
have a powerful influence on the body. The 
consequences which occasionally arise from 
violent paroxysms of anger and fear, are com- 
monly adduced to prove how greatly the sys- 
tem is excited or depressed by mental emotions. 
Although the precise manner in which the 
mind produces bodily derangement is not un- 
derstood, yet it seems to have been universally 
allowed, that the nerves are the organs through 
which the impressions are directly transmitted. 
Whenever the uterus or liver appeared to sym- 
pathize with the disturbed state of the mind, 
the effect was formerly attributed to a nervous 
connexion existing between it and the disor- 
dered organ. The fallacy of this opinion has 
been proved in my Experimental Inquiry.* 
In the fifteenth chapter of that work, discuss- 

' * See Experimental Inquiry into the Laws which regulate Organic 
and Animal Life. 
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ing the subject of passion, I have shown that, 
though the mind, in all cases of violent per- 
turbation, acts on the body through the nervous 
system, its influence is not conveyed through 
the nerves generally distributed to the different 
organs, btU through those only which belong to 
the respiratory function. The disturbance of 
this function is amply sufficient to account for 
every irregular action which may be occasioned 
in any part of the system. The very vague 
and unsatisfactory notions hitherto entertained 
on this subject, have given rise to the most 
absurd and extraordinay tales that ignorance 
could possibly invent concerning the influejQf e 
of the maternal mind on the foetus. That the 
mind is capable of exerting an important in- 
fluence on the constitution and development 
of the foetus, is a fact which I am not disposed 
to deny ; but I do not hesitate to say, that this 
influence is not to be ascribed to any nervous 
connexion between the parent and the child in 
the womb ; nor do I consider it probable, that 
all the cases which are related, as illustrations 
of mental agency can be clearly traced to this 
cause. 

The female, during pregnancy, is sometimes 
highly susceptible of external impressions ; and 
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if it i^ould SO happen, that the o&praig exhi- 
hits any appeaxance of maloonfoimatioii, or 
peculiarity of physical ooiostruction, the mother 
is generally prepared to refer -it to a well- 
rememhered circumstance that occurred dur* 
ing the period of gestation. It is more agreeahie 
to h^ feelings to explain its origin in this way, 
than to have it ascribed to any natural <»iuse. 
From a similar feeling, individoals who are 
affected with certain hereditary diseases, occa- 
sionally exercise a little ingenuity to invent a 
plausible reason for them. 

It is stated by Sir Walter Scott, tk»i the 
mother of Bonaparte, L^titia Ramolini, 
" partook of the dangers of her husband, dur- 
ing the years of civil war, and is said to have 
accompanied him on horseback on some mili- 
litaiy expeditions, or, perhaps, hasty flights, 
shortly before her being delivered of the future 
emperor."* We are not, from this circum- 
stance, .to suppose, as some writers have done, 
that the martial character of Napoleon is to 
be ascribed to the dangers and hardships which 
his mother expmenced. The distinguished 
part which his father took in the wars, and the 
hQX)i8m which his mother displayed, in con- 

* Li£B of NaPOLJEON fiOKAPARTBy Vol. III. p. 6. 
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tending with difficulties and enduring priva- 
tions, proved that they both possessed superior 
mental endowments. The likeness which 
children bear to their parents, either in mind 
or body, does not arise so much from the in- 
fluence of external circumstances, during preg- 
nancy, dsfrom the natural constitution, or from 
the peculiar state of the parental systems at the 
time of conception. 

If external causes operated directly on the 
foetus, through the Imagination of the mother, 
in all those instances in which she is, at any 
particular period of gestation, powerfully af- 
fected by any strong emotion of the mind, or 
acute disease of the body, her offspring would 
inherit, from birth, feelings and complaints 
similar to her own. But this is so far from 
being the case, that the child is often extremely 
healthy, and does not exhibit any physical or 
mental similarity to the parent If it were 
invariably otherwise, we should be under the 
necessity of granting that the impressions 
transmitted from the mother to the foetus, have 
the power of increasing or diminishing the sub- 
stance of the brain, and thus changing the 
intellectual character. The mental powers 
depend on cerebral matter for their variety and 
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extent : how, then, without some modification 
of it, could the faculties and feelings be influ^ 
enced? In allowing that an emotion, com- 
municated to the foetus, can increase or dimi- 
nish, either generally or partially, the nervous 
mass, we must conceive it to be endowed with 
extraordinary powers, and suppose the struc- 
ture of the brain liable to be changed by every 
excited and depressed state of the maternal 
mind. Families have sometimes been distin- 
guished for centuries by the same kind of in- 
tellectual powers. and disposition ; but if these 
were not transmitted agreeably to the general 
principles which regulate the organization of 
the body, the uniformity of the resemblance 
would not be preserved for so many years. 
Children as frequently resemble their parents 
in constitution of mind as in form of body ; 
and there is no difficulty in accounting for the 
similitude in this respect, if it be allowed that 
mind depends on cerebral matter for its deve- 
lopment, because the same unknown law which 
preserves a likeness in one material part of the 
system, may certainly preserve it in another. 
If this view of the subject be correct, we may 
account for the resemblance or dissimilarity 
between parents and children, in regard to in- 
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tellect and disposition. It is recorded of the 
Claudian family, " Diu Romae floruit, im- 
pigra, ferox, superba ; eadem illachrjrmabilem 
TiBERiUM, tristissimum tyrannum, produxit ; 
tandem in immanem Caligulam, et Clau- 
DiUM, et Agrippinam, ipsmnque demum Ne- 
RONEM post sexcentos annos desitura."* 

" The murder of David Rizzio," observes 
Mr. Combe, *^ was perpetrated by armed no- 
bles, with many circumstances of violence and 
terror, in the presence of Mary, Queen of 
Scotland, shortly before the birth of her son, 
afterwards James the First of England. The 
constitutional liability of this monarch to emo- 
tions of fear, is recorded as a characteristic of 
his mind ; and it has even been mentioned, 
that he started involuntarily at the sight of a 
drawn sword, "f From this passage, and the 
tenor of the reasoning employed elsewhere, 
this amiable and philosophical writer appears 
to think that the timid character of James is 
chiefly to be ascribed to the violent emotions 
which Mary experienced during pregnancy. 
" The mind of Napoleon's mother," he says, 
" appears to have risen to the danger to which 

* Conspectus Med. Theoret., cap. I., sect. 16. 
f Combe on the Constitution of Man, p. 157. 
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she was exposed, and braved it ; while the cir- 
cumstances in which Queen Mary was placed 
were calculated to inspire her with fear alone." 
If the accident had happened immediately 
after conception, or if it had directly preceded 
it^ the highly disturbed state of mind, and the 
generally excited sensibility of the system, 
might have given rise to such a peculiarity in 
the offspring ; but it does not seem probable 
that the constitution of the fcetus, when almost 
fully developed, is capable of receiving any 
important alteration from the wentdl emotion 
of the parent. Sensibility, motion, and the 
intc^eetual ph^iomena, are the attributes of 
diflferent parts of the nervous system ; and if 
we suppose a cause sufficiently great to change 
the character of these powers, we must also al« 
low that the nervous mass, in which they are 
situated, is materially modified, or we must 
deny the necessary and intimate relations ex- 
isting between the function of an organ and its 
structure. 

If the imagination of the mother can influ- 
ence the mental powers of the foetus, when the 
cerebral organs have received their determinate 
forms, it would appear, that the impression 
which is communicated to it is capable of 
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changing the organization of the brain, or that 
its innate properties are independent of tiiat 
organization. It is not very probable that a 
child is bom with an impression which is al- 
together unconnected with nervous matter, 
and it is equally unlikely, that an idea can di- 
recfly alter its natural qualities. The involun- 
tary emotion which a drawn sword produced 
on the mind of King James, is not to be 
ascribed to any instinctive dread with which 
he was bom, but to his naturally timorous dis- 
position, and the disagreeable associations con- 
nected with the object. If he had been so edu- 
cated as to regard the sword as an agricultural 
instrument, or had never been informed of the 
melancholy catastrophe with which it must 
ever have been associated in his own mind, 
or the dreadful purposes to which it is gene- 
rally applied, he would not have started in- 
voluntarily at the sight of it, or, if he had, his 
mind would have possessed an intuitive know- 
ledge of the accident, which is not very pro- 
bable. 

Sir E. Home is one of the latest writers, 
who has endeavoured to support tiie direct in- 
fluence of the maternal mind on the foetus. 
He seems to consider tbe correctness of this 

DD 
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opinion as proved by the discovery of nerves 
in the placenta, and the continuation of them 
along the umbilical cord. " Till this disco- 
very was made," he observes, ''we had no 
mode of estimating the influence that could be 
produced upon the child by the affections of 
the mind or the body of the mother ; and, 
therefore, the instances that have occurred, 
were considered as idle stories or accidental 
occurrences, for which no satisfactory reason 
could be assigned ; and this on no better 
ground than that they do not always take 
place under similar circumstances, which no- 
thing connected with nerves ever does."* 

There are many objections to this mode of 
explaining the transmission of mat^nal influ- 
ence, although apparently so simple and satis- 
factory. Let us suppose the nerves to be the 
medium of connexion between the mother and 
the foetus. If, at one time, the disturbed gtate 
of the mind gives rise to a hare-Up, or a de^ 
formed body, it is surely not unreasonable to 
expect, that, at another, when a cause similar 
in kind and degree is in operation, some 
traces of its influence should be observed on 
the foetus. The same exact eflects may not, 

* Phil. Trans. 1825, Part L, p. 75. 
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perhaps, be produced, but we are certainly 
entitled to calculate on some effect. The 
manner in which the influence of the mind 
is communicated to the body is not regulated 
by the volition of the parent, and, therefore, 
whenever disagreeable emotions are excited, 
those parts of the animal frame which are at 
one time disordered, would, at another, it is 
reasonable to suppose, be affected in a similar 
manner. 

It is not my purpose to shew, that external 
objects will invarifi^bly produce the same men- 
tal disturbance, but that there will always be a 
certain degree of uniformity in the consequences 
which succeed the operation of the same kind of 
feelings. I will endeavour to illustrate this 
opinion by an example. A person is sud- 
denly surprised by an occurrence which acts 
so powerfully on the mind, as to occasion syn- 
cope. During the continuance of the sus- 
pended or enfeebled powers of his body, great 
changes are invariably observed in its circu- 
latory system. The contractions of the heart 
are extremely weak or cease altogether ; the 
pulse is scarcely felt, if at all perceptible, and 
the countenance exhibits a pale and lifeless 
appearance^ The emotion that has caused 
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syncope, invariably produces these effects on 
the circulatory system : anger, on the con- 
trary, increases the action of the heart to such 
a degree, that the pulse becomes bounding and 
the face flushed. There are no exceptions to 
these manifestations of the intimate conneadon 
that exists between the different degrees of de- 
pressed or excited feeling, and those parts of the 
system which indicate its infiuence. 

The same objects will not always give rise 
to the same evident eflPects in the same indi- 
vidual, or in different individuals from a va- 
riety of causes, which it is unnecessary to enu- 
merate. The same intimate relation does, 
however, always exist, even when it is imper- 
ceptible, between the character and degree of 
the emotion and the corporeal organs which 
that emotion is capable of affecting. If the 
influence of the mind, has the power, as Sir 
E. Home imagines, of running along the 
nerves to the foetus, how does it happen that 
there are only a few solitary instances which 
seem to indicate its peregrinations ? The ob- 
jection arising from the paucity of cases, in 
which this wandering power is supposed to be 
apparent, he endeavours to obviate by stating, 
that the nerves do not always,tmder the same dr- 
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cumstances, produce the same effects. He would 
not have arrived at this unphilosophical con- 
clusion, if he had considered, that there is a 
great difference between regarding an object 
presented to the mind, as directly the cause of 
the physical effect produced upon the body, 
or only indirectly so by giving rise to an emo^ 
tion which is itself the trite and immediate ante- 
cedent to the corporeal phenomena. According 
to his mode of viewing the subject, there will 
be no uniformity whatever in the results, aris- 
ing, apparently, from the same cause, but, 
according to the distinction we have just made 
between an object viewed by the mind, and 
the corresponding emotions produced by it as 
the real cause affecting the system, there will 
be an invariable uniformity, both in degree 
and kind, between the emotion and its effects. 
The external object is the came of the emotion^ 
hut the emotion^ and not the object, is to be re- 
garded as the cause of the corporeal disorder. 

The intimate connexion which is supposed 
to exist between the mother and the foetus, is 
not said to be accompanied by any organic 
provision which is capable of correcting or 
controlUng the influence which the feelings of 
the former would necessarily, if such an inti- 
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mate connexion existed, exert on the foetus ; 
the latter would, therefore, according to this 
hypothesis, he continually liable to be dis- 
turbed or injured by every violent state of the 
maternal mind, in the same manner, as the 
sanguiferous system of the adult is constantly 
excited or depressed by corresponding emo- 
tions. Instead, then, of the few solitary cases 
which a:re adduced in support of the direct 
influence of the mother, numberless instances 
of it would be continually occurring. The 
^lightest attention to the wise and benevolent 
provisions of the animal economy will prove, 
that the greatest care has been taken to pro- 
tect from external injiury those parts of the 
system, which are the most vital in their na- 
ture or delicate in their construction. The 
contents of the chegt are encompassed on every 
side by bone ; the organs of sight and hearing 
are preserved from frequent accidents, and tha 
brain and spinal cord are also protected by the 
same unyielding substance. Can we, then, 
suppose that the great and good Creator, who 
has, by these contrivances secured the preser- 
vation and welfare of his creatures, has e^f:- 
posed the foetus to the injurious influence of 
passion, without any adaptations calculated 
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to prevent its fatal effects ? If these effects 
are communicated directly to the foetus, in the 
some way as nervous influence is supposed by 
physiologists to be conveyed to different organs 
it appears more than probable, that females of 
great susceptibility in the humblest classes of 
society, being frequently subject to ill treat- 
ment and hardships, would seldom give birth 
to healthy and well formed children : yet 
bodily and mental peculiarities, referable to 
violent operations of the mind are not parti- 
cularly common in the lower ranks of life. 
That the foetus occasionally sympathizes with 
the disordered feelings of the parent, cannot, 
for a moment, be doubted, and I shall shortly 
endeavour to shew in what way it is thus 
influenced. 

From the preceding observations it does not 
appear probable, that the influence of passion 
is transmitted to the uterus by means of nerves : 
though cases are frequently brought fcnrward 
to prove, that when the foetus is six or seven 
mouths old mental causes are still capable of 
produdng great organic changes upon it. '^ A 
lady," says Sir R Home, '*in early preg** 
nancy, was frightened by a sailor with one arm, 
and her child was bom lender the same de- 
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formity. In another, this occurred late in 
pregnancy : no effect was produced on that 
child ; but in her next child, although every 
alarm in her own mind had subsided, the de- 
formity was found to have taken place."* 

Certain states of the mind immediately 
occasion an excited action of the organs of 
generation. If it be allowed, that the influ- 
ence of violent sensations, occurring during 
gestation, is transmitted to the foetus by means 
of the nervous connexion existing between 
it and the uterus, have we not sufficient rea- 
son to conclude, that these sensations, al- 
though difierent in kind, from those which 
predispose to the gratification of animal desires, 
are, nevertheless, created by certain states of 
the nerves bearing an intimate relation to the 
excited or depressed condition of the mind ? 
A sensation, however widely it may differ 
from another in its nature and degree of vivid- 
ness, is still a sensation, and cannot reasonably 
be supposed to possess capabilities of creating 
or destroying the structure of oi^anized mat- 
ter. We know that one kind of feeling will 
give rise to an excited action of the genital 
organs, and that another, will as readily de- 

* Pha. Xrans., Part I. p. 78. 
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press it ; but to say that a certain mental im- 
pression, communicated to the foetus, can take 
off an arm, or a leg, is making it a cutting sen- 
sation indeed. 

The resemblance which children sometimes 
bear to their father, in bodily form, talent, and 
disposition, and the diseases they inherit from 
him, furnish a convincing proof, that the ge- 
neral laws which regulate the development of 
the foetus are independent of any influence of 
the maternal mind. Is it not improbaible that 
a sensation of any kind should be capable of 
amputating an arm, or adding an extra limb ? 

" Tanta autem est communio," says Hoff- 
mann, *' ut anima matris cum anim& foetus 
conspiret, et nullum dubium est, quod, sensa- 
tiones, perceptiones, ac passiones in matris 
anima excitatae transeant quoque in ipsum in- 
fantem, sicuti id pervarsee phantasiae effectus 
luculeititer loquuntur." The ova of oviparous 
and ovo-viviparous animals have no connexion 
whatever with the individual which has pro- 
duced them, and yet Br variety of dispositions 
and corporeal forms is observed in the beings 
that are produced from them, even among 
those of the same species : some evince great 
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courage, others fly at the appearance of danger, 
some are affectionate to their young, and others 
are altogether destitute of affection. These 
facts show that foetal existence does not re- 
quire a regular flow of nervous fluid for its 
support and development ; and, also, that the 
peculiarities of animal and organic life are con- 
stantly produced in circumstances, in which 
the imagination or influence of the parent can- 
not he exerted so as to modify the organization 
of its offspring. 

We are generally impressed with an idea, 
that imagination acts like an independent 
spirit in the hody ; that it huilds up, and takes 
down the organic parts of the system ; con^ 
verts the Newton, in embryo, into an idiot, 
and the idiot into a philosopher : in fine, that 
it is capable of subverting the principles of 
living matter which regulate the production of 
the diversified forms of animal life. The ima- 
gination cannot properly be considered any 
thing but a certain feeling, or state of the mind, 
which may act by means of nerves on different 
parts of the body ; and if we endow it with 
the power of creating or destroying, it is, in 
point of efficiency, equal to those principles 
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which regulate the formation, the nourish- 
ment, and the destruction of the whole animal 
kingdom. 

" EsQUiROL, the celebrated French medical 
writer, in enumerating the causes of madness, 
states it as a fact, that many children, whose 
existence Was dated from the period when the 
horrors of the French revolution were at their 
height, turned out subsequently to be weak, 
nervous, and irritable in mind, extremely sus- 
ceptible of impressions, and liable, by the least 
extraordinary excitement, to be thrown into 
absolute insanity,"* 

Domestic misfortunes, and the agitated state 
of public affairs, occasion great alterations in 
the functions of the nervous system. The 
brain, being the seat of the thinking principle, 
is first disturbed, and the rest of the nervous 
system is afterwards injuriously affected : 
should it become universally deranged, and 
this derangement continue to be permanent, 
it cannot surely be deemed extraordinary that 
the offspring is weak, nervous, and irritable. 
Physiologists are not aware what are the exact 
contributions of the male and female towards 
the production of a new being ; that each be- 

* Combe on the Constitution of Man, p. 157. 
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siows ^^ something is indisputable. This fact 
appears to be proved by the child occasioQally 
possessing the diseases of both its parents. 

It can scarcely be doubted that this some- 
thing has a certain relation to the inherent 
qualities of the systems from which it is de- 
rived, and if those systems, therefore/ be in an 
excited or deranged condition, in consequence 
of the prolonged injurious influence of moral 
causes, it is most probable that the being, con- 
ceived under these circumstances, will exliibit 
at least a part of the mental and corporeal dis- 
orders of the parental systems. This view of 
the subject is naturally suggested by a consi- 
deration of those causes, which lead to the 
development of the embryo, and transmit to 
it the peculiarities of the parents. 

If physiologists had been acquainted with 
the mode in which the mind influences the 
body in cases of violent mental perturbation, 
they would have been less fanciful in their 
notions as to the influence of imagination on 
the foetus. Their ignorance of one subject has 
tended to obscure a knowledge of the other. 
It has been shown in the Experimental In- 
quiry, that emotions, of whatever description 
they may be, do not disorder the different or- 
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gans of the body by operating upon the nerves 
which belong to them, according to the opinion 
that has been universally entertained, but by 
acting directly on the function of re^ration.* 

The Ught which this discovery has thrown 
on the way in which the mind communicates 
its extensive influence to the body, will enable 
us to explain the manner in which the foetus 
is affected by passions of an exciting or de- 
pressing kind* Every organ of the body has 
certain intimate relations to the general circu- 
latory system, and the great sources of nervous 
energy. From the former it derives fluids ap* 
propriated to the purpose of « nutrition ; from 
the latter, sensibility and motion. The foetus, 
from its pecuHar connexion with the parent, 
ma/y be considered as an orga/n. If the exact 
relations which diflerent organs bear to the 
sanguiferous and nervous systems be under- 
stood; and if it be ^certained> that to the 
former the foetus bears the same relations^ we 
shall have no difQculty in accounting ior the 
efifects produced upon it. If the coi^real or- 
gans are disordered by mental influence, indi- 
rectly communicated to them through the de- 
ranged function of respiration, the foetus, from 

* See Experimental Inquiry, Chap. XV. 
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being similarly situated, will be subject to the 
operation of the same causes. If the bodily 
organs are not directly excited or depressed by 
the mind^ we have no reason whatever to sup- 
pose that the foetus is thus affected by it. Al- 
though the foetus may be considered as an or- 
gan, yet, from its peculiar situation, and the 
way in which it is supplied with blood, it is 
less liable to the influence of mental impres- 
sions than any other part of the maternal sys- 
tem. Arterial and venous vessels pass directly 
to the liver, and, therefore, the circulation of 
blood in this organ will be affected by every 
cause that interrupts its general circulation. 
Violent emotions produce an instantaneous ef- 
fect on the respiratory function, and this imme- 
diately disorders the sanguiferous system. In 
the same proportion that the natural actions of 
the heart and lungs are changed, the circula- 
tion of blood in the liver is rendered irregular. 
In order that the precise relations existing 
between the mother and the foetus may be 
clearly understood, suppose an organ to inter- ^ 
vene between the liver and its arterial and 
venous vessels, as the placenta does between 
the uterus and foetus. In this case, the circu- 
latory system of. the liver, as a part of the ge- 
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neral system, would be susceptible of impor- 
tant modifications, but to a mucb less extent 
than it is, as at present circumstanced. If the 
blood were propelled with greater force than 
usual, the impetus would not be communicated 
to the liver, because it does not receive its blood 
directly from vessels proceeding from those of 
the heart, but from others distributed to the 
intervening oi^ns : if, on the contrary, the 
blood were enfeebled in its circulation, and 
determined by depressing emotions, to the in- 
ternal organs in a greater quantity than na- 
tural, the liver would not be immediately con- 
gested, but the intervening organ would cer- 
tainly be affected, because it would have the 
same relation to the general sanguiferous sys- 
tem, as the liver now has, in consequence of 
its connexion with the arterial and venous. 

It is then evident, under the supposed cir- 
cumstances, that the influence of passion would 
be materially lessened ; but it is, at the same 
time, equally evident, that it would be capa-* 
ble of deranging the circulation of blood in 
the liver. The intervening organ could not, 
by any means, render the liver independent 
of the effects of sudden passions ; but it might 
retard, for a short time, the direct transmission 
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of them to it. If the mental emotion, which 
gives rise to the determination of blood to the 
internal organs^ be lasting in its nature, or se- 
vere in its degree, the circulation of the Kver 
will certainly be disordered, because the inter- 
vening organ will be considerably congested — 
a circumstance which must derange the func- 
tiobs of the liv». A momentary, or a shght 
disturbance of the sanguiferous system, may 
not be communicated to the Hver ; or, if it be, 
it will be to a much less extent^ than if the 
accessary appendage were removed. These 
observations, with respect to the Uver and its 
annexion with an imaginary organ, wiU ena- 
ble us to understand the peculiar dependence 
of the foetus on the maternal system, and the 
manner in which it is influenced by changes 
taldng place in that srfstem. 

Althou^ the^fcetus is nourished by the 
blood derived from the mother, yet this fluid, 
owing to the intervention of the placenta, is 
not propelled to it with a force, equal to that 
with which it is carried through the arteries 
of the general circulatory system. If the ves- 
sek of the uterus had been of the same size as 
the umbilical vein, and had passed directly to 
the foetus, every disturbed state of the sangui- 
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ferous system would have been communicated 
to it, and, consequentlj, foetal existence would 
have been rendered extremely precarious. To 
obviate, therefore, the frequent occurrence of 
injurious effects on the foetus, nature has 
wisely provided the placenta. . Although this 
organ is of the greatest utility, yet it often hap- 
pens that abortion is occasioned by violent 
emotions. The explanation which accounts 
for this phenomenon, will also shew in what 
manner the foetus is influenced by less severe 
affections of the mind. When a woman, who 
is several months advanced in pregnancy, is 
suddenly frightened, and becomes extremely 
pale, or faints, the blood is determined to the 
internal organs in considerable quantity. This 
effect invariably follows the operation of de- 
pressing passions. The congestion which sue- 
ceeds is not partial, but general. The placenta, 
as it is similarly situated to the rest of the 
internal organs, suffers to a certain degree 
with them. The regular flow of blood to it and 
from it, is interrupted by its superabundance; and 
hence that intimate connexion existing between the 
placenta and uterus, during an unimpeded circu- 
lation, is disturbed, and a highly congested condi- 
tion is produced, which speedily leads to the ex-- 

FF 
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pulsion of the fwUis. The congestion of the 
placenta, which occasions abortion, is also the 
cause of its separation from the uterus, during 
the course of natural labour. When the foetus 
is expelled, blood stiU continues to flow from 
the mother to the placenta ; and, as it cannot 
possibly circulate beyond it, the obvious result 
is, that this organ is quickly engorged ; and 
whenever this state of the placenta occurs, the 
strong bonds of connexion between it and the 
uterus are speedily broken. 

Abortion is sometimes produced by the ac- 
tion of drastic pui^tives, and also by different 
diseases. From the preceding remarks, it is 
evident, that whatever greatly disturbs the cir- 
culation of the blood, will have a tendency to 
disorder the functions of the uterus in every 
stage of pregnancy. According to this princi- 
ple, there is little difficiUty in explaining the 
manner in which the foetus is influenced by 
strong and sudden emotions of the mind. Hav- 
ing shewn that violent depressing passions pre- 
dispose to abortion, from the great disturbance 
which they occasion in the sanguiferous sys- 
tem, it appears to follow as a necessary conse- 
quence, that feelings of a less powerful kind, 
will also, in a less degree, affect the foetus 
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through the same channel. We are by no means 
entitled to suppose, that then: influence will 
be communicated in a different manner to the 
body, because they are less violent in their na- 
ture. On the same principle it might be argued, 
that the pleasurable sensation which creates a 
smile, differs, in the mode of its transmission, 
from thatwhich occasions laughter, because the 
sensation is less intense. It may sometimes hap- 
pen, that a sudden fright will cause great de- 
rangement in the foetus, and yet be incapable of 
expelling it; the effects of the derangement be- 
ing visible, perhaps, in some unnatural appear- 
ance on the child after birth : but it is more 
reasonable to suppose, that a disordered state of 
the blood will exercise a stronger influence on 
the imperfectly formed foetus, than any impres- 
sion made on the nervous system. The view of 
the subject I am here giving does not account 
satisfactorily for the origin of monstrosities. 
How is it possible for a troubled state of the 
circulation to create an extra limb, or an ad- 
ditional head ? The foetus is indebted to cer- 
tain original principles of organization for its 
harmony of parts, and it, therefore, appears 
to me rational to refer the variety of malcon- 
formations which it assumes, to alterations oc- 
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curring in these principles, before the organized 
being is fully developed. Crystals have dif- 
ferent shapes, but yet they are susceptible of 
great mochfications. To produce these, we 
must not wait until the crystal is completely 
formed, but must act upon it while it is yet in 
an imperfect state. 

The whole vegetable kingdom is regulated 
by laws as universal and unchangeable in their 
operation, as those which govern the animal ; 
though it appears to be exempt from the in- 
fluence of a variety of causes, which have a 
tendency to disorder the production of animal 
life ; and yet it displays a multitude of mon- 
strosities. These cannot be ascribed to the 
agency of the mind, or to any condition of the 
nervous system, but to alterations in those 
principles which regulate the production of the 
vegetable. Animal and vegetable existence is 
equally derived from an ovwm : without enter- 
ing into any speculative inquiries concerning 
the mode of its formation, we may assert, that 
the peculiar organization and constitution of 
the future being depend on the nature and 
operation of the primary principles of life, and 
that every deviation from established laws is, 
moreover, to be attributed to causes which in- 
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terrupt the regular action of these principles at 
a time when the oi^anic parts are undeter-* 
mined, or are extremely susceptible of modifi- 
cations. The diseases of the mother are often 
communicated to the foetus. If she has la- 
boured under syphilis during pregnancy^ her 
offspring frequently exhibits traces of the same 
disorder ; or if her general health has been 
very bad, the child is often small and deli- 
cate. Cases are on record which prove, that 
small-pox and intermittent fevfir have been 
transmitted to the foetus. *' A child in utero," 
says Sir E. Home, " having an ague, is itself 
a proof of the placenta having nerves. "* There 
is, however, one great objection to this opinion. 
The paroxysms of the mother and the foetus, in 
the case which he brings forward, did not occur 
at the same time. If they had been simulta- 
neous, he might have affirmed, with more plau- 
sibility, that the disorder was communicated 
through the nervous system of the mother to 
the foetus ; but it is difficult to conceive how a 
paroxysm of the foetus can be said to arise di- 
rectly from the nervous system of the mother, 
when this system is in an unexcited state. The 
instances he adduces in support of his own 
views are altogether opposed to them. 

♦ Phil, Trans., Part I., 1825. 
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If a certain phenomenon had been observed 
in the moth^, of a purely nervous character, 
and the same had co-existed in the foetus, there 
would have been then something likeprobabi^ 
lity in the supposition, that impressions of the 
maternal system passed through the nerves of 
the placenta to the foetus. Suppose one of two 
balls, placed on a table, were struck, and sent 
in a direction proper to give motion to the 
other, no one woidd hesitate to say, that the 
motion of the latter was derived from the one 
previously hit. But, if those balls were perr 
ceived to be in action at different periods, by 
what kind of reasoning should we arrive at 
the conclusion, that the activity of the one, 
and the repose of the other, proved a necessary 
connexion to exist between them ? 



APPENDIX. 



APPENDIX. 



Th£ following experiments were performed in order to 
ascertain, if possible, the nature of the union existing be- 
tween the maternal vessels and the cord. Some physio- 
logists are said to have succeeded in passing injections from 
one to the other, proving, as they imagine, a direct con- 
nexion : but so many probable sources of error have been 
pointed out in their experiments, that the conclusions drawn 
from them are little to be depended upon. At one time 
substances have been injected which emit a strong odour ; 
at another such as do not combine with the blood, as oil. 
Mercury, and the ordinary coloured injections have occa- 
sionally been used. There are great objections to the 
employment of all substances, except the two latter, and 
these are not altogether unexceptionable. When camphor 
is conveyed from the maternal vessels to the placenta, it is 
quickly absorbed and carried with the blood into the cord 
or foetus. We have no means of ascertaining the time 
necessary for its absorption. This will depend on circum- 
stances with which we are imperfectly acquainted. <^ When 
a quantity of camphor" observes Majendie, <^ is injected 
into the veins of a dog, the blood soon takes a strong odour 
of camphor. After having made this injection into a bitch 
with pups, I extracted a fcetus from the uterus ; at the end 
of three or four minutes its blood had no odour of cam- 

GG 
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phor; only a second fcetus, extracted after a quarter of an 
hour, had a strong odour of camphor. It was the same 
with the other foetuses.*** 

On account of the rapid absorption of substances which 
are sometimes injected, we are scarcely entitled to conclude, - 
from their presence in the fistus, that a direct connexion 
exists between the vessels of the uterus and the cord. The 
employment of mercury or the ordinary coloured injection, 
is not entirely free from fallacy. If the connexion between 
the maternal vessdb> and the dord is indirect^ or in other 
words, if the blood which is poured into the pkcenfa from 
the uterus, is abi^rbed by the midnte ramiBcations of the 
umbilical vdia, ia place of circulating in a continuous cur- 
rent to the foetus^ H is nevertheless obvious, that llhose ves- 
sels which absorb, have open mouths in the direction of the 
uterus, whence the injection' is transmitted, and, conse- 
quently, may, immediately sifter deat&, or whenever the 
vessels «re stmtlagrly eirctimstaficed^ allow the propetted 
fluid to evktbt them. Beclard liucceeded in injecting the 
uterus from the vessels of the C6rd id a woamib, who died 
during gestatiob. Experiments of the same kind have 
been repeiatedly made by other physiologisfts, on the lower 
animal^ but Hot trith the tame resuHsr. IF^ indeed, we 
grant that the experiinent liais been successful, iti one or 
two instances, the positive evidence which cad be produced 
is so equivocal in its nature, that it is wholly insufficient, in 
the face of numberless experiments of a contrary bearing, 
to establish a direct connexion. The arterial blood in the 
general circulatory syitem terminates in veins, and, if we 
consider the nature of those vessels of which the cord is 
formed, and the manner in which the blood circulates in 

* Trans, by Dr. Milligan. p. 508* 
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theiOy we shall obserye the same fiict The arterial Uood 
which flovrs into the placealiaifroin the utcrnsi is coBT^ed 
b;^ the umbilieal vein into the icstosy and the venous blood 
which is poured intOfthe placenta by the; umbilical itrtcrks, 
is carried intO' the system of the motheribgr die^veins^of :the 
uterus. 



jEXPEWMENT I. 

A ralpbity about the end of gestation, was killed by prussic 
acid. A quarter of an hour after death, the tube of the 
mercurial injecting apparatus was fixed to the inferior por- 
tion of the aorta, immediately before its bifurcation into 
the iliac arteries. In a few minutes a great number of 
small vessels on the extemU siii&ce of the uterus, were 
observed beautifully injected. The process was carried on 
for about three quarters of an hour, at which time it was 
necessary to discontinue it, in consequenceof several vessels 
being ruptured. On opening the uteri, the maternal por- 
tion of four placenta were found considerably injected, as 
well as a few vessels on the foetal portion of two of them. 
No mercury whatever had passed into the vessels of the 
cord. 



EXPERIMENT II. 

The object of4his experiment was to ascertain, whether 

. it were posuble to lo^ct.the whole of the placenta and the 

vessels of thecord^ with a>very finely, coloured; composition 

' injected from the inferior part of Ihe aorta. .A i hittb, ^p- 
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parently within a few hours of pupping, wa£ killed by 
prussic acid, and the experiment was immediately com- 
menced. The results of the experiment were not examined 
till the following day. All the placentae were most distinctly 
and beautifully injected. The vessels of the cord had re- 
ceived no part of the injection. Injected vessels were readily 
traced from the uterus into the placenta. The best mode 
of showing this, is to tear, under the water, the placenta 
gradually from the uterus. The results of this experiment 
were observed by my friends Drs. Knight and Favell, and 
Messrs. William Jackson, James Ray, and Samuel Gre- 
gory, surgeons. 



EXPERIMENT III. 

A cat, near the end of gestation, was killed by prussic 
acid, and left undisturbed for about two hours, it was then 
immersed for an hour and a half in warm water, after 
which a very fine injection was transmitted through the in- 
ferior portion of the aorta* Two days afterwards, one of 
the arteries, going from the kitten to the placenta, was in- 
jected with mercury. On examining the placenta, the 
foetal portion was found to have received a considerable 
quantity of the coloured injection. The whole of the fcetal 
surface presented a multitude of small vessels of an arbo- 
rescent appearance. The vessels of the cord were in a na- 
tural state. The vessels of the foetal portion were fully in- 
jected with mercury. No connexion, however, could be 
traced between the two different kinds of injected vessels. 

Many experiments were performed, on each of the foetuses, 
to ascertain the nature of the connexion between the uterus 
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and the cord, which are not related, because the results 
were precisely the same as those which are given. 

In the first experiment there is nothing particularly 
worthy of observation, except the injected vessels on the 
ibetal portion of the placenta. In the second experiment, 
the coloured injection had succeeded remarkably well. 
The vessels of the cord were, however, not in the least in- 
jected. The results of the third experiment are extremely 
interesting. In appearance, the whole of each placenta 
was fully injected, nevertheless, a great number of vessels on 
the fistal portion became very soon visible^ on the employ- 
ment of the mercurial injection, shewing that the coloured 
fluid had penetrated only one set of vessels. 

I cannot conclude without returning my warm acknow- 
ledgments to Samuel Gregory, Esq., Surgeon, and 
Lecturer on Anatomy in the Sheffield Medical Institution, 
for his valuable assistance in these and other similar ex- 
periments. 
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author." — Lancet, 
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John Hunter» Wilson Phflip, and Dir. Edwards, of Paris, and other 
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to the laws mich regulate the phenomena of organic and anima) life.'^ 
— The London Medical and Physical Journal. 

" The chief merit of Dr. Holland's book we hold to consist in 
this, — that, without attempting to theorize on the ultimate causes of 
the actions of the body, it professes to reduce many of the pheno* 
mena of life to certain laws discoverable by observation ; or, in 
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which regulate the actions of living beings — ^the object with which he 
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a lasting reputation." — TheNem Scots Magazine* 

'' The book is, upon the whole, a good one. If, in pointing out 
what we imagine to be erroneous, we have in any way misrepresented 
the author, he may rest satisfied it is a sin of ignorance ; for, in all 
we have said, we have had nothing in view but to give our unbiassed 
and unbought opinion." — Glasgoto Medical Journal, No. YIIL, 
Vol. IL 
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